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ABSTRACT 

A l l  r e s u l t s  p r e v i o u s l y  a v a i l a b l e  i n d i c a t e  t h a t  t h e r e  i s  
a s i g n i f i c a n t  p r o b a b i l i t y  o f  t h e  CM (Command Module) l a n d i n g  on 
l a n d  i f  a n  LEV (Launch Escape  V e h i c l e )  a b o r t  d u r i n g  t h e  e a r l y  p a r t  
o f  S a t u r n  V f l i g h t  i s  n e c e s s a r y .  Among t h e  f a c t o r s  t o  which t h e  CM 
l a n d i n g  p o i n t  i s  s e n s i t i v e ,  t h e  most  i m p o r t a n t  a r e  t h e  winds and 
t h e  i n i t i a l  c o n d i t i o n s  o f  t h e  LEV caused  by  t h e  a b o r t  s i t u a t i o n .  

I n  t h e  p r e v i o u s  s t u d i e s  t h e  f o l l o w i n g  w o r s t  c a s e  a s s u m p t i o n s  
were made: a b o r t  i n i t i a t e d  w i t h  up range  a t t i t u d e  and  a t t i t u d e  r a t e  
e r r o r s ,  9 5 t h  p e r c e n t i l e  headwinds a p p l i e d  t o  t h e  LEV t r a j e c t o r y  
from a b o r t  t o  p a r a c h u t e  deployment ,  and  3a  l a u n c h  e s c a p e  motor  t h r u s t  
m i s a l i g n m e n t .  The  r e s u l t i n g  l and  l a n d i n g  p r o b a b i l i t y  was 83% f o r  
pad a b o r t  f rom Launch Complex 39 u s i n g  a n n u a l  w inds .  The a p p r o a c h  
o f  t h i s  memorandum i s  t o  c o n s i d e r  t h e  e f f e c t s  o f  t h e s e  f a c t o r s  
s t a t i s t i c a l l y  r a t h e r  t h a n  i n  a w o r s t  c a s e  manner.  Using t h i s  me thod ,  
t h e  above  l a n d  l a n d i n g  p r o b a b i l i t y  i s  est imated t o  be 28%.  Par t  o f  
t h e  d i f f e r e n c e  be tween t h i s  and t h e  p r e v i o u s  r e s u l t  i s  due  t o  
t h e  u s e  o f  up - to -da te  LEV d a t a  f rom Apo l lo  8 s i m u l a t i o n s .  

Improvement of t h i s  p r o b a b i l i t y  by  v a r i a t i o n  o f  s e l e c t e d  
p a r a m e t e r s  i s  c o n s i d e r e d .  The p r o b a b i l i t y  i s  improved by  lower  
a l t i t u d e  of main c h u t e  deployment ,  l o n g e r  LEV r a n g e ,  l ower  CM 
weight ,  and  lower  l a u n c h  az imuth ;  a l s o  l a n d  l a n d i n g  p r o b a b i l i t i e s  are 
b e t t e r  f o r  c e r t a i n  months and  t imes o f  d a y .  One s u g g e s t e d  method 
o f  r e d u c i n g  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  i s  t o  i n c r e a s e  t h e  LEV 
r a n g e  b y  r e a l i g n m e n t  of  t h e  l aunch  e s c a p e  motor  t h r u s t  v e c t o r  s o  
t h e  LEV t r a j e c t o r y  p r o j e c t i o n  i s  p e r p e n d i c u l a r  t o  t h e  s h o r e l i n e .  T h i s  
c o u l d  r e d u c e  t h e  above land l a n d i n g  p r o b a b i l i t y  t o  as low as 6 % .  

A near-pad a b o r t  i s  c o n s i d e r e d  most p r o b a b l e  i n  t h e  1 5  
s e c o n d  p e r i o d  f o l l o w i n g  l aunch .  The v a l u e s  g i v e n  above  a re  r e D -  
r e s e n t a t i v e  of t h e  l a n d  l a n d i n g  p r o b a b j l i t i e s  f o r  a b o r t s  o c c u r r i n g  
d u r i n g  t h e  f i r s t  1 0  s e c o n d s  from 1 a u n c h : p r o b a b i l i t i e s  f o r  o t h e r  
times of a b o r t  are  g i v e n  i n  t h e  memorandum, soy- f? 
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I .  I N T R O D U C T I O N  

I f  i t  i s  n e c e s s a r y  t o  a b o r t  w h i l e  a manned Apo l lo  
s p a c e c r a f t  i s  on t h e  l a u n c h  pad or d u r i n g  t h e  f i r s t  50 s e c -  
onds o f  l a u n c h  v e h i c l e  ( L V )  f l i g h t  ( a  near-pad a b o r t ) ,  t h e r e  
i s  a chance  t h e  Launch Escape V e h i c l e  ( L E V )  w i l l  n o t  c a r r y  
t h e  Command Module (CM) far  enough downrange s o  t h a t  t h e  CPI 
w i l l  l a n d  i n  water. T h i s  problem d o e s  n o t  e x i s t  f o r  h i g h  
a l t i t u d e  LEV a b o r t s  b e c a u s e  a f t e r  50 s e c o n d s  t h e  LV has enouch 
downrange v e l o c i t y  t o  a s s u r e  a low p r o b a b i l i t y  o f  l a n d  landin:;. 
The  pu rpose  of  t h i s  memorandum i s  t o :  

1. Survey t h e  a v a i l a b l e  i n f o r m a t i o n  on l a n d  l a n d i n g  
p r o b a b i l i t i e s  a f t e r  a n  LEV a b o r t ,  

2 .  D e r i v e  more r e a l i s t i c  p r o b a b i l i t i e s  by  u s e  o f  
s t a t i s t i c a l  methods,  

3 .  Sugges t  ways to r e d u c e  t h e  l a n d  l a n d i n g  p r o b a b i l i t y .  

The l a n d  impact  program t o  d e t e r m i n e  and  improve t h e  CM l a n d  
l a n d i n g  c a p a b i l i t y  i s  n o t  c o n s i d e r e d  i n  t h i s  memorandum. 

Al though r e s u l t s  f o r  S a t u r n  V l a u n c h e s  a r e  d e s i r e d  
much o f  t h e  i n f o r m a t i o n  a v a i l a b l e  r e l a t e s  t o  t h e  S a t u r n  I B  LV 
and i s  u s e d  as a p p r o p r i a t e .  The main d i f f e r e n c e  be tween S a t u r n  
V and  S a t u r n  I B  l a u n c h e s  a f f e c t i n g  l a n d  l a n d i n g  p r o b a b i l i t i e s  
i s  t h a t  t h e  S a t u r n  V i s  launched  from Pad 39* i n s t e a d  o f  Pad 34;  
s i n c e  Pad 39 i s  f a r t h e r  from t h e  s h o r e l i n e ,  the  p r o b a b i l i t y  o f  
l a n d  l a n d i n g  i s  h i g h e r .  

*Pad 39 w i l l  be  used  to r e f e r  t o  e i t h e r  Pad 39A or Pad 39B; 
Pad 3 9 B  i s  n o t  s i g n i f i c a n t l y  f a r t h e r  from t h e  s h o r e l i n e  t h a n  
Pad 39A. 



. BELLCOMM. INC. - 2 -  

F o l l o w i n g  a s e c t i o n  g i v i n g  t h e  summary and  c o n c l u s i o n s  
o f  t h i s  memorandum, a background s e c t i o n  ( S e c t i o n  111) g i v e s  a 
g e n e r a l  d e s c r i p t i o n  o f  LEV a b o r t s  and t r a j e c t o r i e s .  S e c t i o n  I V  
d i s c u s s e s  t h e  main f a c t o r s  o t h e r  t h a n  w i n d s  t h a t  a f f e c t  t h e  LEV 
t r a j e c t o r y  and CM l a n d i n g  p o i n t :  t h e  i n i t i a l  c o n d i t i o n s  o f  t h e  
LEV c a u s e d  by  t h e  a b o r t  s i t u a t i o n ,  l a u n c h  e s c a p e  moto r  t h r u s t  
a l i g n m e n t ,  and  a l t i t u d e  o f  m a i n  c h u t e  deployment .  The  most  impor- 
t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  CM l a n d i n g  p o i n t  i s  winds ,  and i n  
S e c t i o n  V methods and  r e s u l t s  o f  a p p l i c a t i o n  o f  wind p r o f i l e s  t o  
t r a j e c t o r y  s i m u l a t i o n s  are g i v e n .  I n  t h e  f i r s t  p a r t  o f  S e c t i o n  V I  
t h e s e  r e s u l t s  a r e  u s e d  t o  e x p l a i n  t h e  w o r s t  c a s e  l a n d  landiny:  prob-  
a b i l i t y  which h a s  been  g i v e n  i n  p r e v i o u s  s t u d i e s .  The r e s t  o f  t h i s  
s e c t i o n  i s  conce rned  w i t h  a r e f i n e d  method t o  o b t a i n  a more re-  
a l i s t i c  es t imate  o f  t h e  p r o b a b i l i t y  o f  l a n d  l a n d i n g .  I n  
S e c t i o n  V I 1  t h e  r e d u c t i o n  i n  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  b y  v a r -  
i a t i o n  o f  s e l e c t e d  p a r a m e t e r s  i s  c o n s i d e r e d .  

11. SUMMARY AND CONCLUSIONS 

I n  p r e v i o u s  s t u d i e s  t o  f i n d  l a n d  l a n d i n g  p r o b a b i l i t i e s  
a f t e r  an  LEV a b o r t  o c c u r r i n g  b e f o r e  a b o u t  20  s e c o n d s  f rom S a t u r n  
V l i f t o f f ,  t h e  CM l a n d i n g  p o i n t  w i t h  no winds  a p p l i e d  d u r i n g  
p a r a c h u t e  d e s c e n t  was assumed t o  b e  a b o u t  1 , 2 0 0  f e e t  i n l a n d  from 
t h e  nomina l  CM l a n d i n g  p o i n t .  T h i s  a s sumpt ion  a l l o w e d  for t h e  
w o r s t  c a s e  s i t u a t i o n  o f  a b o r t  i n i t i a t e d  a t  up range  LV a t t i t u d e  
and  a t t i t u d e  r a t e  e r r o r s  p l u s  9 5 t h  p e r c e n t i l e  headwinds  a p p l i e d  
t o  t h e  LEV t r a j e c t o r y  from a b o r t  t o  p a r a c h u t e  deployment  p l u s  
3 0  l a u n c h  e s c a p e  motor  t h r u s t  m i s a l i g n m e n t .  I n  a d d i t i o n ,  o l d  
LEV p a r a m e t e r s  were u s e d  p l a c i n g  t h e  nominal  CM l a n d i n g  p o i n t  
n e a r  t h e  1 0  f o o t  d e p t h  l i n e  ( t h e  water must b e  a t  l e a s t  1 0  f e e t  
deep f o r ' a  s a f e  l a n d i n g ) ;  f o r  c u r r e n t  Apo l lo  8 p a r a m e t e r s  t h e  
nomina l  CM l a n d i n g  p o i n t  f o r  a b o r t  b e f o r e  2 0  s e c o n d s  f rom l a u n c h  
i s  a b o u t  9 0 0 f e e t  o f f s h o r e  from t h e  1 0  f o o t  d e p t h  l i n e .  St .a t is-  
t i c a l  r e s u l t s  f o r  t h e  s t u d i e s  above were d e r i v e d  b y  a p p l y i n g  
wind p r o f i l e s  t o  p a r a c h u t e  d e s c e n t ,  and  t h e  r e s u l t s  a re  shown i n  
F i g u r e  1 2 ;  l a n d  l a n d i n g  p r o b a b i l i t i e s  g i v e n  f o r  S a t u r n  V a r e  83% 
and  58% f o r  pad a b o r t  and  20 second a b o r t ,  r e s p e c t i v e l y .  

I n  t h i s  memorandum Apollo 8 LEV parameters are  used ,  
and  i n s t ead  o f  making t h e  summed w o r s t  c a s e  a s s u m p t i o n ,  t hese  
f a c t o r s  ( c o n d i t i o n  o f  t h e  LV a t  t h e  t i m e  o f  a b o r t ,  winds  a p p l i e d  
t o  t h e  LEV from a b o r t  t o  p a r a c h u t e  deployment ,  and  l a u n c h  e s c a p e  
moto r  t h r u s t  m i s a l i g n m e n t )  a re  t r e a t e d  s t a t i s t i c a l l y .  Combining 
these f a c t o r s  and  winds a p p l i e d  t o  p a r a c h u t e  d e s c e n t  r e s u l t s  i n  
t h e  l a n d  l a n d i n g  p r o b a b i l i t i e s  g i v e n  i n  F i g u r e  1 4 ,  t h e  v a l u e s  
g i v e n  above  f o r  pad  a b o r t  and  20 second  a b o r t  a re  more r e a l i s -  
t i c a l l y  estimated t o  be 28% and 34%,  r e s p e c t i v e l y .  
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Improvement o f  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  b y  v a r -  
i a t i o n  o f  s e l e c t e d  p a r a m e t e r s  i s  c o n s i d e r e d .  I t  i s  improved 
b y  a lower  a l t i t u d e  o f  main c h u t e  dep loymen t ,  l o n g e r  LEV r a n g e ,  
l ower  CM w e i g h t  and l o w e r  launch  a z i m u t h ;  a l s o  l a n d  l a n d i n g  
p r o b a b i l i t i e s  are b e t t e r  f o r  c e r t a i n  months and t imes o f  d a y .  
One p o s s i b l e  method o f  i n c r e a s i n g  t h e  LEV r a n g e  would b e  t o  
a l i g n  t h e  l a u n c h  e s c a p e  moto r  t h r u s t  v e c t o r  s o  t h a t  t h e  LEV 
t r a j e c t o r y  i s  p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  d e p t h  l i n e ,  which  
r e s u l t s  i n  a n  improvement o f  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  as 
shown i n  F i g u r e  1 9 .  T h i s  method r e d u c e s  t h e  above v a l u e s  t o  as 
l i t t l e  as 6 %  and 2 7 5 ,  r e s p e c t i v e l y .  The p r o b a b i l i t i e s  g i v e n  
f o r  pad a b o r t  are  r e p r e s e n t a t i v e  of t h e  v a l u e s  f o r  a b o r t s  o c c u r -  
r i n g  b e f o r e  1 0  s e c o n d s  from l a u n c h .  R e d u c t i o n  o f  t h i s  p r o b a b i l i t y  
i s  most i m p o r t a n t  b e c a u s e  near -pad  a b o r t  i s  c o n s i d e r e d  t o  b e  
most p r o b a b l e  b e f o r e  1 5  seconds  f rom l a u n c h .  Another  method o f  
i n c r e a s i n g  LEV r a n g e  which i s  o n l y  e f f e c t i v e  f o r  a b o r t s  a f t e r  
1 0  s e c o n d s  would b e  t h e  S - t i l t  method ( c h a n g i n g  t h e  commanded 
p i t c h  program s o  t h e  LV g a i n s  r a n g e  f a s t e r ) .  The  improvement 
i n  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  r e s u l t i n g  f rom t h e  combina t ion  
o f  t h i s  method and t h r u s t  r e a l i g n m e n t  i s  a l s o  shown i n  F i g u r e  1 9 ;  
t h i s  method r e d u c e s  t h e  27% p r o b a b i l i t y  f o r  2 0  second  a b o r t  t o  
13%. I n  a d d i t i o n  t h i s  f i g u r e  shows t h e  combined e f f e c t  o f  "sky 
d i v i n g "  ( d e p l o y i n g  t h e  main p a r a c h u t e  a t  t h e  l o w e s t  p o s s i b l e  
a l t i t u d e )  and t h r u s t  r e a l i g n m e n t ;  t h e  27% f o r  20 s e c o n d  a b o r t  
would b e  r e d u c e d  t o  1 2 %  b y  t h i s  method and  a g a i n  t h e  6% prob-  
a b i l i t y  f o r  pad a b o r t  i s  unchanged.  

111. BACKGROUND 

G e n e r a l  D e s c r i p t i o n  o f  LEV A b o r t s  I n  c a s e  o f  a b o r t  
d u r i n g  t h e  f i rs t  s t a g e  o f  LV f l i g h t ,  t h e  LEV ( F i g u r e  1) a l o n g  
w i t h  t h e  E a r t h  Landing  Subsystem (ELS),  i s  p r o v i d e d  f o r  as- 
t r o n a u t  e s c a p e .  A near -pad  a b o r t  i s  most  l i k e l y  t o  o c c u r  b e f o r e  
1 5  s e c o n d s  f rom l i f t o f f  because  d u r i n g  t h i s  p e r i o d  t h e r e  i s  t h e  
h i g h e s t  p r o b a b i l i t y  o f  LV m a l f u n c t i o n ,  l a u n c h  t r a n s i e n t s  o c c u r ,  
p i t c h  and r o l l  commands are i n i t i a t e d  and  t o w e r  c l e a r a n c e  ( a l o n g  
w i t h  i t s  a s s o c i a t e d  yaw command) i s  comple t ed  [ 5 ,  6 and  71*.  
F i g u r e  2 i l l u s t r a t e s  s c h e m a t i c a l l y  t h e  sequence  o f  e v e n t s  t h a t  
o c c u r s  a f t e r  a near -pad  abort .  A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  
s e q u e n c e  i s  g i v e n  i n  Appendix A ,  b u t  b r i e f l y  t h e  e v e n t s  o c c u r -  
r i n g  a f t e r  a b o r t  are as f o l l o w s .  The l a u n c h  e s c a p e  moto r  i s  
u s e d  t o  a c c e l e r a t e  t h e  LEV away from t h e  LV, w h i l e  t h e  p i t c h  
c o n t r o l  motor  f i r e s  b r i e f l y  t o  p i t c h  t h e  v e h i c l e  downrange. 

* B r a c k e t s ,  [ I ,  e n c l o s e  r e f e r e n c e  numbers. 

h 
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After t h e  t h r u s t i n g  phase  t h e  c a n a r d s  a5e d e p l o y e d  t o  p i t c h  
t h e  v e h i c l e  180~. After  b l u n t  end  c a p t u r e ,  t h e  l a u n c h  e s c a p e  
t o w e r  and t h e  b o o s t  p r o t e c t i v e  c o v e r  (which  p r o t e c t s  t h e  CM 
from hea t  d u r i n g  LV b o o s t  and from e x h a u s t  damage b y  t h e  l a u n c h  
e s c a p e  and  tower  j e t t i s o n  m o t o r s )  a r e  j e t t i s o n e d  u s i n g  t h e  
t o w e r  j e t t i s o n  motor .  The apex c o v e r  ( f o r w a r d  heat s h i e l d )  i s  
t h e n  j e t t i s o n e d  u s i n g  t h r u s t e r s  and  a drag  p a r a c h u t e  t o  u n c o v e r  
t h e  ELS p a r a c h u t e s .  The  m o r t a r s  a re  f i r e d  t o  d e p l o y  t h e  two 
d r o g u e  p a r a c h u t e s  i n  t h e  r e e f e d  c o n f i g u r a t i o n ,  and  t h e y  a r e  
d i s r e e f e d  a f t e r  l o a d s  r e d u c e  s u f f i c i e n t l y .  When t h e  d r o g u e  
c h u t e s  a re  r e l e a s e d ,  t h e  mortars f o r  t h e  t h r e e  p i l o t  c h u t e s  a r e  
f i r e d .  The p i l o t  c h u t e s  deploy  t h e  t h r e e  main c h u t e s  which a r e  
d i s r ee fed  i n  two s t a g e s .  

R e l a t i o n  o f  Pad and S a f e  Landing Area A s a f e  water 
l a n d i n g  r e q u i r e s  t h e  water t o  b e  a t  l ea s t  1 0  f e e t  d e e p . *  A t  i t s  
c l o s e s t  p o i n t  t h e  1 0  f o o t  d e p t h  l i n e ,  which c a n  b e  assumed t o  
b e  s t r a i g h t ,  i s  a b o u t  1900 f e e t  from Pad 34 i n  a d i r e c t i o n  o f  
7 0  d e g r e e s  az imuth  (measured  c l o c k w i s e  from n o r t h )  and  3100 f e e t  
from Pad 39 i n  a d i r e c t i o n  of 52 d e g r e e s  a z i m u t h .  

I n  c o n s i d e r i n g  t h e  r e l a t i o n  o f  t h e  CM l a n d i n g  p o i n t  
and  t h e  1 0  f o o t  d e p t h  l i n e  i t  i s  o n l y  n e c e s s a r y  t o  c o n s i d e r  t h e  
d i s t a n c e  measured p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  d e p t h  l i n e ,  
r e f e r r e d  t o  as t h e  o n s h o r e - o f f s h o r e  d i s t a n c e .  A p o s i t i v e  d i r e c -  
t i o n  w i l l  b e  t a k e n  t o  b e  o f f s h o r e  ( g e n e r a l l y  e a s t ) .  

T y p i c a l  LEV T r a j e c t o r i e s  T y p i c a l  LEV t r a j e c t o r i e s  
f o r  a pad a b o r t  and f o r  an  a b o r t  o c c u r r i n g  4 2  s e c o n d s  a f t e r  
l a u n c h  a re  shown i n  F i g u r e  3;  t h e  apogee  a l t i t u d e  and  t h e  r a n g e  
are shown f o r  a b o r t s  o c c u r r i n g  a t  o t h e r  t imes .  The 20  second 
a b o r t  t r a j e c t o r y  has a s h o r t e r  r a n g e  t h a n  a b o r t s  a t  p r e v i o u s  
times b e c a u s e  t h e  p i t c h  c o n t r o l  motor  becomes l e s s  e f f e c t i v e  as 
aerodynamic  e f f e c t s  become s t r o n g e r .  For a b o r t s  a f t e r  20  s e c o n d s  
t h e  LV downrange v e l o c i t y  and r a n g e  b e g i n  t o  have  more e f f e c t  on 
LEV r a n g e .  

Using LEV r a n g e  and az imuth  data  t h e  o n s h o r e - o f f s h o r e  
d i s t a n c e  o f  t h e  CM l a n d i n g  p o i n t  from t h e  1 0  f o o t  d e p t h  l i n e  c a n  
be d e t e r m i n e d .  The f o l l o w i n g  da ta  from R e f e r e n c e s  7 and 9 assume 
no winds ,  nominal  LV a t t i t u d e  and  a t t i t u d e  r a t e  a t  t h e  t i m e  o f  
a b o r t  and  a nominal  LEV: 

*To b e  c o n s e r v a t i v e  t h e  1 0  f o o t  d e p t h  l i n e  a t  low t i d e  i s  
c o n s i d e r e d ,  a l t h o u g h  it does  n o t  change  much w i t h  t i d e .  I n  some 
a b o r t  l a n d i n g  p o i n t  p r e d i c t i o n  maps t h e  1 8  f o o t  d e p t h  l i n e  i s  
a l s o  drawn i n ;  t h i s  i s  a n e c e s s a r y  c o n s i d e r a t i o n  i f  o n l y  two o f  
t h e  t h r e e  main p a r a c h u t e s  d e p l o y .  
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I V .  LEV TRAJECTORY SENSITIVE PARAMETERS 

I n t r o d u c t i o n  The d a t a  i n  t h e  l a s t  s u b s e c t i o n  were 
d e t e r m i n e d  for a s p e c i f i c  s e t  of  LEV parameters. T h i s  s e c t i o n  
d i s c u s s e s  t h r e e  f a c t o r s  to which t h e  l a n d  l a n d i n g  p r o b a b i l i t y  
i s  v e r y  s e n s i t i v e :  LV c o n d i t i o n s  a t  t h e  t ime of  a b o r t ,  l a u n c h  
e s c a p e  motor  t h r u s t  a l i g n m e n t  and a l t i t u d e  o f  main c h u t e  dep loy-  
ment .  

LV C o n d i t i o n s  a t  t h e  T i m e  of  Abort  I n  g e n e r a l  when a 
LV m a l f u n c t i o n  o c c u r s  t h e  s t a t e  v e c t o r  ( p o s i t i o n ,  a t t i t u d e  and 
t h e i r  d e r i v a t i v e s )  o f  t h e  v e h i c l e  b e g i n s  to change  from its 
nominal  v a l u e .  Abort  i s  i n i t i a t e d  when t h e  m a l f u n c t i o n  i s  d e t e c t -  
ed b y  means of  t h e  Emergency D e t e c t i o n  S y s t e m  ( E D S )  [lo], and t h e  
s t a t e  v e c t o r  of  t h e  LV a t  that t i m e  d e t e r m i n e s  t h e  i n i t i a l  cond i -  
t i o n s  o f  t h e  LEV. I n  LEV t r a j e c t o r y  s i m u l a t i o n s  t h e  p o s i t i o n  and  
v e l o c i t y  o f  t h e  LV are  assumed nominal  a t  t h e  t i m e  o f  a b o r t ,  
a l t h o u g h  t h e y  may h a v e  a s i g n i f i c a n t  e f f e c t  on t h e  LEV t r a j e c t o r y  
[l]. One means o f  d e t e c t i o n  o f  a LV m a l f u n c t i o n  i s  b y  d e t e r m i n i n g  
when t h e  a t t i t u d e  or a t t i t u d e  r a t e  r e a c h  c e r t a i n  l i m i t s ;  t h e r e f o r e ,  
f o r  t h e  m a l f u n c t i o n s  t h a t  u s e  t h i s  means o f  d e t e c t i o n  w e  know 
someth ing  a b o u t  t h e  a t t i t u d e  o r  a t t i t u d e  r a t e  a t  t h e  t i m e  o f  a b o r t  
[ 1 2 ,  1 3  and  151 .  
s i m u l a t i o n s  when a b o r t  i s  assumed to be due to a LV m a l f u n c t i o n  
are c a l l e d  l ' t i p o v e r l l  a t t i t u d e s  and  a t t i t u d e  ra tes .  B e f o r e  May, 1968 ,  
t h e  t i p o v e r  a t t i t u d e s  and a t t i t u d e  ra tes  were +5 d e g r e e s  and  +3 
d e g r e e s / s e c o n d  on t h e  p i t c h  o r  yaw [16 and  171; much of  t h e  l a n d  

The v a l u e s  t h a t  are u s e d  i n  LEV t r a j e c t o r y  
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l a n d i n g  p r o b a b i l i t y  r e s u l t s  a v a i l a b l e  u s e  these  o l d  t i p o v e r  
a t t i t u d e s  and a t t i t u d e  r a t e s .  C u r r e n t l y ,  t h e  v a l u e s  u s e d  a re  
- +3 d e g r e e s  and +5 degrees / second  f o r  S a t u r n  I B  and + 3  1 / 2  
d e g r e e s  and + 4  degrees / second  f o r  S a t u r n  V [ 8 ] .  These c u r r e n t  
v a l u e s  were d e t e r m i n e d  b y  u s i n g  t h e  a t t i t u d e  r a t e  l i m i t s  and 
assuming t h e  s p e c i f i c  LV m a l f u n c t i o n  a l l  e n g i n e s  h a r d o v e r .  
Roll and roll r a t e  have  been assumed t o  be  nomina l  i n  e s s e n -  
t i a l l y  a l l  LEV t r a j e c t o r y  s i m u l a t i o n  [l and 1 9 1 .  

The e f f e c t  t ha t  i n i t i a t i n g  a b o r t  a t  t h e  S a t u r n  I B  
t i p o v e r  a t t i t u d e s  and a t t i t u d e  ra tes  has on t h e  CM r a n g e  i s  
shown i n  t h e  t a b l e  i n  F i g u r e  4 .  T h i s  t a b l e  a l s o  shows t h e  
e f f e c t  o f  3a l a u n c h  e s c a p e  motor  t h r u s t  m i s a l i g n m e n t ,  which 
i s  a b o u t  . 3  d e g r e e .  The combina t ion  of  these  two e f f e c t s  i s  
c a l l e d  t i p o v e r :  f o r  example ,  up range  t i p o v e r  i s  c a u s e d  by  
a b o r t i n g  w i t h  uprange  t i p o v e r  a t t i t u d e  and a t t i t u d e  r a t e  ( a  
n e g a t i v e "  p i t c h  and p i t c h  r a t e )  w i t h  a 3~ t h r u s t  m i s a l i g n m e n t  
i n  t h e  up range  d i r e c t i o n .  Pad a b o r t * *  t r a j e c t o r i e s  f o r  up range  
and downrange t i p o v e r  a r e  shown i n  F i g u r e  4 f o r  S a t u r n  I B ;  t h i s  
f i  u r e  shows t h a t  up range  t i p o v e r  s h o r t e n s  LEV r a n g e  b y  a l m o s t  
502 compared t o  a nominal  t r a j e c t o r y ,  and downrange t i p o v e r  
i n c r e a s e s  r a n g e  b y  a b o u t  33%. I n  l a t e r  s e c t i o n s  i t  w i l l  be  
assumed t h a t  t h e  data  g i v e n  i n  F i g u r e  4 i s  a l s o  a p p l i c a b l e  to 
t he  S a t u r n  V. 

Launch Escape  Motor T h r u s t  Alignment T h r u s t  a l i g n -  
ment o f  t he  l a u n c h  e s c a p e  motor  i s  d e t e r m i n e d  by A Z  which i s  
d e f i n e d  i n  F i g u r e  1; n o t e  t h r u s t  a l i g n m e n t ,  which can  b e  a d j u s t e d ,  
i s  d i s t i n c t  from t h r u s t  mi sa l ignmen t ,  which i s  random. A Z  i s  
a l w a y s  s e t  as low as p o s s i b l e  s o  t h a t  t h e  CM a c h i e v e s  maximum 
r a n g e  and i s  as f a r  away as p o s s i b l e  from t h e  pad r e s i d u a l  f i r e  
area and from t h e  f i r e b a l l  o f  a p o t e n t i a l  LV e x p l o s i o n .  The 
lower  l i m i t  o f  A Z  i s  de te rmined  b y  t h e  maximum main c h u t e  l o a d  
which o c c u r s  f o r  downrange t i p o v e r  ( t h i s  i s  w o r s t  c a s e  b e c a u s e  
p a r a c h u t e  l o a d s  are h i g h e r  f o r  l ower  a l t i t u d e  LEV t r a j e c t o r i e s ) .  
Also A Z  must be  s u c h  t h a t ,  with downrange t i p o v e r  and  o n l y  two 
main c h u t e s  d e p l o y e d ,  t h e  a l t i t u d e  of main c h u t e  deployment  i s  
h i g h  enough (2500 f e e t )  s o  t h a t  t e r m i n a l  v e l o c i t y  i s  r e a c h e d  
i n  t h e  d e s c e n t ,  b u t  i n  p r a c t i c e  A Z  i s  u s u a l l y  d e t e r m i n e d  by 
p a r a c h u t e  l o a d s .  

*The CM p i t c h  a x i s  i s  p o i n t e d  n o r t h  when t h e  v e h i c l e  i s  on 
t h e  pad .  T h i s  i s  t h e  o p p o s i t e  o f  t h e  LV s i g n  c o n v e n t i o n .  

**In  l a n d  l a n d i n g  p r o b a b i l i t y  work, "pad a b o r t "  means a b o r t  
i m m e d i a t e l y  a f t e r  l i f t o f f  s o  t h a t  i t  i s  p o s s i b l e  f o r  t h e  LV t o  
b e  a t  t h e  t i p o v e r  a t t i t u d e s  and a t t i t u d e  ra tes ;  " s t a t i c  pad a b o r t "  
i s  u s e d  t o  d e s c r i b e  a b o r t s  o c c u r r i n g  b e f o r e  t h i s  i s  p o s s i b l e .  
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The e f f e c t  o f  A Z  a d j u s t m e n t s  on t h e  LEV t r a j e c t o r i e s  
f o r  v a r i o u s  m i s s i o n s  for pad a b o r t  i s  shown i n  F i g u r e  5 ;  t h e  
nomina l  LEV r a n g e  has v a r i e d  from 4,150 t o  5 , 7 0 0  f e e t  and  i s  
p r e s e n t l y  5 ,  150  f e e t  f o r  Apollo 8 .  The r e a s o n s  t h a t  have  c a u s e d  
A Z  t o  v a r y  from m i s s i o n  t o  m i s s i o n  a r e :  

1. Change i n  we igh t  of  t h e  components o f  t h e  LEV, 
p a r t i c u l a r l y  t h e  CM (see t h e  t a b l e  i n  F i g u r e  5 1 ,  

2 .  Redes ign  o f  t h e  p a r a c h u t e s ,  r e q u i r e d  b e c a u s e  
o f  t h e  i n c r e a s e  i n  CM w e i g h t ,  

3 .  Change o f  t h e  t i p o v e r  a t t i t u d e  and  a t t i t u d e  r a t e ,  

4 .  D i f f e r e n c e  be tween S a t u r n  I B  and  V t i p o v e r  a t t i t u d e s  
a n d  a t t i t u d e  r a t e s ,  

5 .  D i f f e r e n c e  be tween t h e  a l t i t u d e  o f  t h e  LEV when 
t h e  S a t u r n  I B  o r  V i s  on  t h e  pad  ( 1 7 8  f e e t ) ,  

6 .  Update o f  t h e  aerodynamic d r a g  d a t a  f o r  t h e  CM 
and  t h e  p a r a c h u t e s .  

A l t i t u d e  o f  Main C h u t e  Deployment Main c h u t e  dep loy-  
ment i s  nomina l ly  a u t o m a t i c a l l y  i n i t i a t e d  a t  2 8  s e c o n d s  a f t e r  
a b o r t  or, i f  t h e  LEV apogee  i s  above  15 ,900  f e e t  ( i . e . ,  i f  t h e  
a b o r t  o c c u r s  a f t e r  a b o u t  38 seconds  from l a u n c h ) ,  when t h e  
a l t i t u d e  f a l l s  t o  1 0 , 5 0 0  f e e t .  I n  a d d i t i o n  t h e  main  p a r a c h u t e s  
c a n  b e  dep loyed  manua l ly  a f t e r  d r o g u e  c h u t e  deployment  (which  
o c c u r s  a t  1 6  s e c o n d s  a f t e r  a b o r t )  i f  t h e  a l t i t u d e  f a l l s  below 
a n  a l i d a d e  marker on t h e  a l t ime te r .  The  a l idade  m a r k e r  i s  s e t  
a t  a b o u t  3 3 0 0  f e e t  [l] i n s t e a d  o f  t h e  2500 f e e t  minimum a l t i t u d e  
f o r  main c h u t e  deployment  because  o f  p o s s i b l e  e r r o r  i n  t h e  
a l t i m e t e r  r e a d i n g  [6]. T h i s  e a r l y  manual main  c h u t e  deployment  
i s  o n l y  r e q u i r e d  f o r  a b o r t s  t h a t  have  downrange t i p o v e r  and  t h a t  
o c c u r  b e f o r e  a b o u t  1 0  seconds  f rom l a u n c h .  

For a p p l i c a t i o n  i n  l a t e r  s e c t i o n s ,  i t  i s  n e c e s s a r y  t o  
know t h e  a l t i t u d e  o f  main chu te  deployment  i f  deployment  o c c u r s  
28 s e c o n d s  a f t e r  a b o r t .  Th i s  i n f o r m a t i o n  f o r  a nominal  t r a j e c t o r y  
and  t r a j e c t o r i e s  w i t h  up range  and  downrange t i p o v e r  i s  g i v e n  i n  
F i g u r e  6 .  

V .  EFFECTS OF WINDS O N  THE LEV TRAJECTORY 

A p p l i c a t i o n  o f  Wind Data t o  T r a j e c t o r y  S i m u l a t i o n s  
Observed  wind data i s  a v a i l a b l e  i n  many d i f f e r e n t  f o r m s ,  and c a r e  
must  b e  t a k e n  i n  i t s  a p p l i c a t i o n  t o  o b t a i n  m e a n i n g f u l  r e s u l t s  con- 
c e r n i n g  t h e  p r o b a b i l i t y  o f  l and  l a n d i n g .  A q u a l i t a t i v e  idea  o f  
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t h e  e f f e c t  o f  winds c a n  b e  o b t a i n e d  b y  a p p l i c a t i o n  o f  a s i n g l e  
wind p r o f i l e  t o  t h e  LV and LEV t r a j e c t o r y ,  as shown i n  F i g u r e  7 .  
Wind has l i t t l e  e f f e c t  on t h e  LV u n t i l  a f t e r  a b o u t  35 s e c o n d s ,  
wind has some e f f e c t  on t h e  LEV t r a j e c t o r y  b e f o r e  main  c h u t e  
deployment  and  wind h a s  t h e  m o s t  e f f e c t  on t h e  main  p a r a c h u t e  
d e s c e n t .  These r e s u l t s  were  o b t a i n e d  b y  a p p l y i n g  t h e  9 5 t h  
p e r c e n t i l e  s c a l a r  winds f o r  March ( o n e  o f  t h e  w i n d i e s t  months 
o f  t h e  y e a r )  i n  t h e  up range  o r  downrange d i r e c t i o n .  Note t h a t  
t h i s  i s  f a r  worse  t h a n  a 9 5 t h  p e r c e n t i l e  s i t u a t i o n  b e c a u s e  i t  
i s  assumed t h a t  t h e  95th  p e r c e n t i l e  s c a l a r  winds  e x i s t  a t  a l l  
a l t i t u d e s  a t  t h e  same t i m e  and blow i n  t h e  same d i r e c t i o n .  

S t a t i s t i c a l  a n a l y s i s  i s  n e c e s s a r y  t o  o b t a i n  q u a n t i t a t i v e  
r e s u l t s  on t h e  e f f e c t  o f  winds on  t h e  LEV t r a j e c t o r y .  Two methods 
which r e q u i r e  a d d i t i o n a l  s t a t i s t i c a l  r e d u c t i o n  o f  t h e  wind da ta  
a r e  d e s c r i b e d  i n  Appendix B y  b u t  few r e s u l t s  u s i n g  t h e s e  methods 
a re  a v a i l a b l e .  The c o n c e p t u a l l y  s i m p l e s t  and  y e t  t h e  most  
a c c u r a t e  a p p r o a c h  i s  a Monte C a r l o  method w i t h  a l l  da t a  u s e d ;  
i . e . ,  r u n  an  LEV t r a j e c t o r y  s i m u l a t i o n  from d r o g u e  c h u t e  dep loy-  
ment t o  touchdown f o r  each  w i n d  p r o f i l e  a v a i l a b l e  a n d  t h e n  s t a t i s -  
t i c a l l y  r e d u c e  t h e  CM l a n d i n g  p o i n t s  t o  o b t a i n  a d i s t r i b u t i o n  
f u n c t i o n  w i t h  t h e  o n s h o r e - o f f s h o r e  d i s t a n c e  as t h e  random v a r -  
i a b l e .  T h i s  method was u s e d  by MSC t o  o b t a i n  t h e  r e s u l t s  p r e s e n t -  
ed i n  t h e  n e x t  s u b s e c t i o n .  The main d i s a d v a n t a g e  o f  t h i s  method 
i s  t h a t  i n  g e n e r a l  i t  i s  n o t  p r a c t i c a l  t o  u s e  a n  i n t e g r a t e d  LEV 
t r a j e c t o r y  b e c a u s e  of t h e  computer  t i m e  n e c e s s a r y ;  i n  p a r t i c u l a r ,  
t h e  LEV t r a j e c t o r y  b e f o r e  p a r a c h u t e  deployment  was n o t  i n c l u d e d  
and a c losed - fo rm e q u a t i o n  for p a r a c h u t e  d e s c e n t  was u s e d . *  

*The e q u a t i o n  (which  was der ived  a t  MSC [291)  g i v e s  o n l y  t h e  
h o r i z o n t a l  component o f  t h e  d e s c e n t  p a t h :  

It  i s  assumed t h a t  t h e  v e r t i c a l  component i s  t h e  same as was 
g i v e n  by  a 1 2  degree-of-freedom computer  program ( 6  d e g r e e s -  
of - f reedom e a c h  f o r  t h e  p a r a c h u t e  and  t h e  C M )  u s e d  t o  s i m u l a t e  
t h e  p a r a c h u t e  d e s c e n t  w i t h  no winds a p p l i e d ;  t h e  e q u a t i o n  i s  
a p p l i e d  t o  l ayers  i n  which i t  c a n  b e  assumed t h e  wind v e l o c i t y  
i s  l i n e a r  as a f u n c t i o n  o f  t h e  d e s c e n t  t i m e  ( t h e  c o n s t a n t s  I 
and  S d e t e r m i n e  t h i s  s t r a i g h t  l i n e ) .  The c o n s t a n t  C i s  
( I - S / K - 2 0 ) / K  where 2o i s  d e t e r m i n e d  a t  t h e  b e g i n n i n g  o f  e a c h  
l a y e r  from t h e  d e r i v a t i v e  o f  t h e  above e q u a t i o n .  K i s  a n  a e r o -  
dynamic c o n s t a n t  f o r  t h e  p a r a c h u t e s  and  i s  d e r i v e d  e m p i r i c a l l y  
t o  g e t  a c l o s e  match between p a t h s  c a l c u l a t e d  b y  t h i s  e q u a t i o n  
and  t h e  1 2  degree-of-freedom s i m u l a t i o n .  
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R e s u l t  o f  A p p l i c a t i o n  o f  Winds t o  t h e  LEV T r a j e c t o r y  
The o n l y  a v a i l a b l e  s t a t i s t i c a l  r e s u l t s  from a p p l i c a t i o n  o f  wind 
p r o f i l e s  t o  p a r a c h u t e  d e s c e n t  were p r e s e n t e d  i n  R e f e r e n c e  3 0 .  
A S a t u r n  V LV was u s e d ,  and  t h e  CM w e i g h t  u s e d  was 13 ,000  pounds 
( t h i s  i s  t h e  we igh t  a t  main c h u t e  deployment  i n c l u d i n g  R C S  
p r o p e l l a n t ) .  Abor t  was assumed t o  o c c u r  w i t h  up range  t i p o v e r .  
T h i s  s t u d y  u s e d  e i g h t  years of wind da t a  combined ( d e s c r i b e d  
i n  Appendix C ) ,  s o  t h e  r e s u l t s  are a n n u a l  r a the r  t h a n  a p p l i c a b l e  
t o  e a c h  month or t i m e  o f  d a y .  The r e s u l t  o f  s t a t i s t i c a l  r educ -  
t i o n  of  t h i s  wind data i s  i n f o r m a t i v e :  r e p r e s e n t a t i v e  mean and 
s t a n d a r d  d e v i a t i o n  p r o f i l e s  f o r  o n s h o r e - o f f s h o r e  winds a r e  shown 
i n  F i g u r e s  8 and 9. The mean wind i s  small compared t o  t h e  
s t a n d a r d  d e v i a t i o n  and  blows onshore  below 4 , 5 0 0  f e e t  and  o f f -  
s h o r e  above t h a t ;  t h e  s t a n d a r d  d e v i a t i o n  i n c r e a s e s  s h a r p l y  be tween 
1 , 0 0 0  and 2,500 f e e t .  I f  t h e  v e c t o r  wind da t a  i s  b r o k e n  i n t o  
components i t  i s  found t h a t  each  component i s  a p p r o x i m a t e l y  
n o r m a l l y  d i s t r i b u t e d .  

F i g u r e  1 0  g i v e s  t h e  d i s t a n c e  be tween t h e  mean l a n d i n g  
p o i n t  w i t h  winds and t h e  l a n d i n g  p o i n t  w i t h  no winds  as a func-  
t i o n  o f  time o f  a b o r t .  The d i s t a n c e  i s  measured  p e r p e n d i c u l a r  
t o  t h e  1 0  f o o t  d e p t h  l i n e  ( o n s h o r e - o f f s h o r e  d i s t a n c e ) .  Data was 
g i v e n  i n  R e f e r e n c e  30 f o r  on ly  t h e  end  p o i n t s  o f  each c u r v e :  
main c h u t e  deployment  a t  28 seconds  a f t e r  a b o r t  and a t  2800 f o o t  
a l t i t u d e  ( o n l y  t h e  2800 f o o t  p o i n t  was a v a i l a b l e  f o r  40 second  
a b o r t  s o  t h i s  c u r v e  was e s t i m a t e d ) .  The c o n c l u s i o n s  t o  b e  drawn 
a re  (1) f o r  e a r l y  near -pad  a b o r t s  and  low a l t i t u d e  main c h u t e  
deployment  t h e  mean l a n d i n g  p o i n t  w i t h  winds a p p l i e d  i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f rom the l a n d i n g  p o i n t  w i t h  no w i n d s ,  
( 2 )  as t h e  a l t i t u d e  o f  main c h u t e  deployment  i s  ra i sed  t h e  mean 
1 a n d i n g . p o i n t  g r a d u a l l y  moves o u t  t o  sea and  ( 3 )  f o r  main c h u t e  
deployment  a t  a c o n s t a n t  a l t i t u d e  t h e  l a n d i n g  p o i n t  moves o u t  t o  
sea f o r  l a t e r  times o f  a b o r t  because  o f  t h e  e f f e c t  o f  wind on 
t h e  d r o g u e  p a r a c h u t e s .  These  c o n c l u s i o n s  are what would be  e x p e c t -  
ed a f t e r  l o o k i n g  a t  t he  mean a n n u a l  o n s h o r e - o f f s h o r e  wind s p e e d  
p r o f i l e  ( F i g u r e  8 ) .  Re fe rence  30 a l s o  g i v e s  d i s t r i b u t i o n  func-  
t i o n s  showing where the  CM i s  l i k e l y  t o  l a n d ,  b e c a u s e  o f  winds 
a p p l i e d  t o  p a r a c h u t e  d e s c e n t ,  r e l a t i v e  t o  t h e  mean l a n d i n g  p o i n t  
f o r  v a r i o u s  t imes o f  a b o r t .  These d i s t r i b u t i o n  f u n c t i o n s  are 
a p p r o x i m a t e l y  normal  as w i l l  b e  shown i n  Appendix D .  A p l o t  o f  
t h e  es t imated s t a n d a r d  d e v i a t i o n s  o f  t h e s e  d i s t r i b u t i o n s  a g a i n s t  
a l t i t u d e  of main c h u t e  deployment i s  shown i n  F i g u r e  11. It i s  
i m p o r t a n t  t o  n o t i c e  t h a t  t he  s t a n d a r d  d e v i a t i o n  i s  la rge  compared 
t o  t h e  mean and t h a t  i n  t h e  4,000-5,000 f o o t  main  c h u t e  deploy-  
ment r e g i o n  t h e r e  i s  a r a p i d  change i n  t h e  s t a n d a r d  d e v i a t i o n  
( i . e . ,  CM l a n d i n g  p o i n t s  a r e  much more c o n c e n t r a t e d  f o r  main c h u t e  
deployment  below a b o u t  4 , 0 0 0 ) .  F i g u r e s  1 0  and  11 are  u s e d  i n  t h e  
n e x t  s e c t i o n  t o  d e r i v e  l a n d  l a n d i n g  p r o b a b i l i t i e s .  
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The r e m a i n d e r  o f  t h i s  s e c t i o n  a d d r e s s e s  t h e  f i n a l  wind- 
s e n s i t i v e  v a r i a b l e  d u r i n g  LEV a b o r t s :  t h e  CM p o s i t i o n  a t  d rogue  
c h u t e  deployment .  LEV t r a j e c t o r i e s  f rom a b o r t  t o  d r o g u e  c h u t e  
deployment  were s i m u l a t e d  by  a 6 degree-of - f reedom computer  
program [34 and  351. When 9 5 t h  p e r c e n t i l e  component headwinds  
were a p p l i e d  t o  a pad a b o r t  t r a j e c t o r y , t h e  r a n g e  a t  d rogue  c h u t e  
deployment  d e c r e a s e d  a b o u t  5 0 0  f ee t  [l and 301.  T h i s  i s  worse  
t h a n  a 9 5 t h  p e r c e n t i l e  s i t u a t i o n  b e c a u s e  i t  was assumed t h a t  the 
9 5 t h  p e r c e n t i l e  winds e x i s k a t  a l l  a l t i t u d e s  a t  t h e  same t i m e  
( t h e  c o r r e l a t i o n  c o e f f i c i e n t  between s u r f a c e  and 1 k i l o m e t e r  
a l t i t u d e  east-west a n n u a l  winds i s  o n l y  0 . 6 6 0  and be tween 1 and 
2 k i l o m e t e r  winds i s  0 . 8 5 1  [ 3 2 ] ) ,  s o  i t  w i l l  b e  assumed t h a t  
t h i s  r e p r e s e n t s  a 3a  s i t u a t i o n  ( 9 9 . 8 7  p e r c e n t i l e ) .  S i n c e  t h i s  
i s  t h e  o n l y  data  p o i n t  a v a i l a b l e  w e  must  assume t h a t  t h e  s t a n d a r d  
d e v i a t i o n  i n c r e a s e s  w i t h  t h e  t i m e  o f  a b o r t  ( a n d  t h u s  t h e  a l t i t u d e  
o f  t h e  t r a j e c t o r y )  i n  a manner s imi l a r  t o  t h e  i n c r e a s e  o f  s t a n d a r d  
d e v i a t i o n  w i t h  a l t i t u d e  o f  main c h u t e  dep loymen t .  The s t a n d a r d  
d e v i a t i o n s  t h a t  w i l l  b e  used  i n  l a t e r  s e c t i o n  a r e  as f o l l o w s :  

TABLE 2 

T i m e  o f  Abort  ( s e c o n d s )  

Pad 

1 0  

20 

30 

40 

50 

S t a n d a r d  D e v i a t i o n  ( a >  

1 7 0  f e e t  

200  " 

250 'I 

350 " 

400 I' 

450 

It w i l l  f u r t h e r  be  assumed t h a t  t h e  mean r a n g e  w i t h  winds  a p p l i e d  
t o  t h e  LEV t r a j e c t o r y  from a b o r t  t o  p a r a c h u t e  deployment  i s  t h e  
same as t h e  r a n g e  w i t h  no winds a p p l i e d .  

V I .  THE PROBABILITY OF LAND L A N D I N G  AFTER AN LEV ABORT 

P r i o r  R e s u l t s  on Land Landing  P r o b a b i l i t y  I n  s i m p l e  
terms MSC's r e s u l t s  on land l a n d i n g  p r o b a b i l i t y  were o b t a i n e d  
by r u n n i n g  p a r a c h u t e  d e s c e n t  t r a j e c t o r i e s  t h r o u g h  e a c h  wind 
p r o f i l e  a v a i l a b l e ,  c o u n t i n g  t h e  number o f  t r a j e c t o r i e s  w i t h  t h e  
CM l a n d i n g  p o i n t  on l a n d  and  d i v i d i n g  t h i s  by  t h e  t o t a l  number 
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o f  t r a j e c t o r i e s .  However, i n  o r d e r  t o  i n t r o d u c e  t h e  more gen- 
e r a l  methods used  i n  t h e  n e x t  s u b s e c t i o n ,  w e  may i n c o r p o r a t e  
t h e  i n t e r m e d i a t e  r e s u l t s  o f  t h e  above  method,  which were 
p r e s e n t e d  i n  F i g u r e s  1 0  and  11, i n t o  a s t a t i s t i c a l  model t h a t  
c a n  b e  used  t o  f i n d  t h i s  same p r o b a b i l i t y ,  a s  shown by t h e  
f o l l o w i n g  example.  C o n s i d e r  a S a t u r n  V l a u n c h  w i t h  a 1 3 , 0 0 0  
l b .  CM ( w e i g h t  a t  main c h u t e  deployment  i n c l u d i n g  RCS p r o p e l l a n t ) .  
Assume a pad  a b o r t  t h a t  i s  i n i t i a t e d  a t  t h e  o l d  uprange  t i p o v e r  
a t t i t u d e  and  a t t i t u d e  r a t e .  F i r s t  w e  must  f i n d  t h e  l a n d i n g  
p o i n t  w i t h  no winds a p p l i e d  d u r i n g  p a r a c h u t e  d e s c e n t .  The  LEV 
t r a j e c t o r y  r a n g e  w i t h  uprange  t i p o v e r  and  no winds i s  3 , 1 0 0  f e e t  
[3O], b u t  t h i s  i s  s h o r t e n e d  t o  2 , 6 0 0  f e e t  b e c a u s e  o f  9 5 t h  p e r c e n -  
t i l e  headwinds a p p l i e d  t o  t h e  t r a j e c t o r y  from t h e  a b o r t  t o  d r o g u e  
c h u t e  deployment  (30 f rom Tab le  2 ) .  The a z i m u t h  o f  t h i s  t r a j e c -  
t o r y  i s  a b o u t  96" [8]* ,  and  t h e  az imuth  o f  t h e  l i n e  p e r p e n d i c u l a r  
t o  t h e  t e n  f o o t  d e p t h  l i n e  i s  52O, s o  t h e  a n g l e  be tween these  
d i r e c t i o n s i s  44'. P r o j e c t i n g  t h e  r a n g e  on t h e  l i n e  p e r p e n d i c u l a r  
t o  t h e  t e n  f o o t  d e p t h  l i n e  g i v e s  1 , 8 7 0  f e e t .  The pad i s  3,100 
f e e t  from t h e  1 0  f o o t  d e p t h  l i n e ,  and  h e n c e  t h e  CM l a n d i n g  p o i n t  
w i t h o u t  winds  a p p l i e d  d u r i n g  p a r a c h u t e  d e s c e n t  i s  on l a n d  and  
1 , 2 3 0  f e e t  from t h e  1 0  f o o t  d e p t h  l i n e .  To a p p l y  wind s t a t i s t i c s ,  
f i r s t  n o t e  f rom t h e  u p p e r  p o i n t  o f  t h e  pad a b o r t  c u r v e  i n  F i g u r e  
1 0  t h a t  t h e  mean l a n d i n g  p o i n t  w i t h  winds a p p l i e d  i s  a t  t h e  same 
p o i n t  as t h e  l a n d i n g  p o i n t  w i t h  no  winds ,  s o  t h e  mean l a n d i n g  
p o i n t  i s  a l s o  1 , 2 3 0  f e e t  from t h e  1 0  f o o t  d e p t h  l i n e .  From F i g u r e  
11 w e  see t h a t  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  d i s t r i b u t i o n  o f  
l a n d i n g  p o i n t s  i s  1 ,300  f e e t .  Thus ,  1 , 2 3 0  f e e t  r e p r e s e n t s  0 .95  
s t a n d a r d  d e v i a t i o n ,  and ,  r e f e r r i n g  t o  a t a b l e  o f  t h e  normal  d i s -  
t r i b u t i o n  f u n c t i o n ,  t h i s  i m p l i e s  t h a t  83% o f  t h e  CM l a n d i n g  p o i n t s  
would be  e x p e c t e d  t o  be on l a n d  ( i . e . ,  west o f  t h e  1 0  f o o t  d e p t h  
l i n e ) .  . 

MSC r e s u l t s  have been p u b l i s h e d  i n  s e v e r a l  p l a c e s  f o r  
a v a r i e t y  o f  p u r p o s e s .  An example i s  g i v e n  i n  F i g u r e  1 2 ;  t h e  
83% p r o b a b i l i t y  o b t a i n e d  above f o r  S a t u r n  V pad  a b o r t  i s  shown. 
One o f  t h e  most a c c u r a t e  u s e s  o f  MSC's p r o b a b i l i t y  r e s u l t s  was 
t o  estimate t h e  p r o b a b i l i t y  o f  l a u n c h  f o r  A p o l l o  7 assuming t h e  
countdown would b e  h a l t e d  i f  t h e  Real T i m e  A u x i l i a r y  Computing 
F a c i l i t y  (RTACF) p r e d i c t e d  l a n d  l a n d i n g  f o r  a n  a b o r t  o c c u r r i n g  
b e f o r e  1 5  seconds  from l aunch ;  f u r t h e r  i n f o r m a t i o n  on t h e  RTACF . 
program and t h e  p r o b a b i l i t y  o f  a h o l d  b e c a u s e  RTACF p r e d i c t i o n  
o f  l a n d  l a n d i n g  c a n  be found i n  R e f e r e n c e s  20 and  37 t h r o u g h  4 4 .  
Ano the r  u s e  of MSC's r e s u l t s  has b e e n  t o  g i v e  some i n d i c a t i o n  
o f  t h e  a c t u a l  p r o b a b i l i t y  o f  l a n d  l a n d i n g .  The  f o l l o w i n g  sum- 
m a r i z e s  t h e  a s s u m p t i o n s  t h a t  make t h e s e  l a n d  l a n d i n g  p r o b a b i l i t y  
r e s u l t s  w o r s t  c a s e :  

* T h i s  i s  
t h r u s t  v e c t o r  
i n  F i g u r e  1. 

i n d i c a t e d  by  t h e  f a c t  t h a t  t h e  l a u n c h  e s c a p e  moto r  
i s  p o i n t e d  i n  a p p r o x i m a t e l y  t h i s  d i r e c t i o n  as shown 
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1. 

2 .  

3 .  

4 .  

Uprange t i p o v e r  i s  assumed ( r e c a l l  t h i s  i n c l u d e s  
b o t h  a b o r t  a t  t h e  uprange  t i p o v e r  a t t i t u d e  and  
a t t i t u d e  r a t e  and 3a t h r u s t  m i s a l i g n m e n t  i n  t h e  
uprange  d i r e c t i o n ) .  

E a r l y  manual main c h u t e  deployment  i s  assumed t o  
o c c u r  a t  4 , 3 0 0  f e e t  i n s t e a d  o f  a t  3 ,300 f e e t  i n  o r d e r  
t o  a l l o w  f o r  w o r s t  case a l t i m e t e r  e r r o r s  [ 2 6 ] .  

9 5 t h  p e r c e n t i l e  headwinds a re  a p p l i e d  t o  t h e  LEV 
t r a j e c t o r y  from a b o r t  t o  p a r a c h u t e  deployment  f o r  
pad a b o r t  t h r o u g h  1 0  s e c o n d  a b o r t  and no winds  
a p p l i e d  f o r  a b o r t s  o c c u r r i n g  a f t e r  t h a t  ( f r o m  F i g u r e  
8 i t  i s  s e e n  t h a t  t h i s  i s  c o n s e r v a t i v e  i n  b o t h  c a s e s ) .  

A 13 ,000  pound CM was used  whereas  t h e  c u r r e n t  w e i g h t  
o f  CM-103 i s  1 1 , 7 6 9  pounds [ 4 6 1 .  The w e i g h t  g i v e n  
i s  t h e  we igh t  a t  main c h u t e  deployment  i n c l u d i n g  
RCS p r o p e l l a n t .  

A s  would b e  e x p e c t e d  from F i g u r e  4 ,  t h e  amount o f  
up range  t i p o v e r  has a large e f f e c t  on t h e  l a n d  l a n d i n g  prob-  
a b i l i t y .  I n  F i g u r e  1 3  i s  shown t h e  r e s u l t s  o f  a q u a n t i t a t i v e  
s t u d y  [ 2 0 ]  o f  t h i s  e f f e c t  f o r  pad a b o r t  o f  Apo l lo  7 w i t h  
September  winds .  If a b o r t  i s  i n i t i a t e d  w i t h  a nomina l  LV 
a t t i t u d e  and a t t i t u d e  r a t e ,  t h e n  t h e  p r o b a b i l i t y  o f  l a n d  l a n d -  
i n g  i s  o n l y  a b o u t  lo%, b u t  i f  a b o r t  i s  i n i t i a t e d  a t  t h e  c u r r e n t  
S a t u r n  I B  uprange  t i p o v e r  a t t i t u d e  and a t t i t u d e  r a t e ,  t h e n  t h e  
p r o b a b i l i t y  i s  67%;  i f  a b o r t  i s  i n i t i a t e d  a t  t h e  o l d  up range  
t i p o v e r  a t t i t u d e  and a t t i t u d e  r a t e  t h e n  t h e  p r o b a b i l i t y  i s  6 2 % .  

Land Landing  P r o b a b i l i t i e s  Found b y  a R e f i n e d  Method 
I n  o r d e r  t o  f i n d  t h e  a c t u a l  p r o b a b i l i t y  o f  l a n d  l a n d i n g  a f t e r  
a n  LEV a b o r t  a t  a g i v e n  t i m e  from l a u n c h ,  i t  would be n e c e s s a r y  
t o  know t h e  r e l a t i v e  p r o b a b i l i t y  o f  e a c h  p o s s i b l e  LV m a l f u n c t i o n  
t h a t  c o u l d  c a u s e  a b o r t  a t  that  t i m e  and t o  know t h e  i n i t i a l  cond i -  
t i o n s  o f  t h e  LEV c a u s e d  b y  t h e  a b o r t  s i t u a t i o n  f o r  e a c h  mal func-  
t i o n .  S i n c e  t h i s  i s  i m p o s s i b l e  and  c o n d i t i o n s  o f  t h e  LEV a t  
a b o r t  i n i t i a t i o n  are q u i t e  i m p o r t a n t  i n  d e t e r m i n i n g  l a n d  l a n d i n g  
p r o b a b i l i t i e s  (as  shown i n  t h e  l a s t  s e c t i o n ) ,  i t  i s  n o t  p o s s i b l e  
t o  f i n d  t r u e  l a n d  l a n d i n g  p r o b a b i l i t i e s .  The method d e v e l o p e d  
a t  MSC t o  f i n d  l a n d  l a n d i n g  p r o b a b i l i t i e s  assumed a w o r s t  c a s e  
s i t u a t i o n ,  b u t  i n d i c a t e d  t h a t  l a n d  l a n d i n g  was a p rob lem.  The 
p u r p o s e  of t h i s  s e c t i o n  i s  t o  o b t a i n  a more r e a l i s t i c  es t imate  
o f  t h e  l a n d  l a n d i n g  p r o b a b i l i t y .  T h i s  can  b e  done f o r  two c a s e s :  
a b o r t  i n i t i a t e d  w i t h  nominal  a t t i t u d e  and  a t t i t u d e  r a t e  and  a b o r t  
i n i t i a t e d  w i t h  t i p o v e r  a t t i t u d e s  and  a t t i t u d e  r a t e s .  
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The most i m p o r t a n t  f a c t o r s  t h a t  c a u s e  d i s p e r s i o n  i n  
t h e  CM l a n d i n g  p o i n t  a r e :  

1. Wind a p p l i e d  t o  p a r a c h u t e  d e s c e n t ,  which c a u s e s  t h e  
CM l a n d i n g  p o i n t  t o  b e  d i s p l a c e d  from t h e  l a n d i n g  
p o i n t  w i t h  no winds a s  g i v e n  i n  F i g u r e s  1 0  and  11. 

2 .  Wind a p p l i e d  t o  t h e  LEV t r a j e c t o r y  from a b o r t  t o  
d rogue  c h u t e  deployment , which c a u s e s  a d i s t r i b u t i o n  
o f  t h e  CM l a n d i n g  p o i n t s  w i t h  a s t a n d a r d  d e v i a t i o n  
g i v e n  i n  T a b l e  2 on page 1 0 .  

3 .  I n i t i a t i o n  o f  t h e  a b o r t  a t  t h e  t i p o v e r  a t t i t u d e s  
and a t t i t u d e  r a t e s ,  which c a u s e s  t h e  CM l a n d i n g  
p o i n t  t o  b e  moved from nominal  i n  t h e  u p r a n g e ,  
downrange, r i g h t  or l e f t  d i r e c t i o n  as i n d i c a t e d  
i n  t h e  t a b l e  i n  F i g u r e  4 .  

4 .  T h r u s t  m i s a l i g n m e n t ,  which r e s u l t s  i n  a 3 0  d e v i a t i o n  
i n  t h e  CM l a n d i n g  p o i n t  as g i v e n  i n  t h e  t a b l e  i n  
F i g u r e  4. 

The f i r s t  two e f f e c t s  are n o t  i n d e p e n d e n t ;  i n  f a c t ,  t o  b e  
c o n s e r v a t i v e  i t  i s  assumed t h a t  t h e y  a r e  p e r f e c t l y  c o r r e l a t e d ,  
s o  t h e  d i s t r i b u t i o n  f u n c t i o n  o f  t h e i r  combined e f f e c t  has a 
s t a n d a r d  d e v i a t i o n  e q u a l  t o  t h e  sum o f  t h e i r  s t a n d a r d  d e v i a t i o n s .  
T h i s  combined e f f e c t  i s  o b v i o u s l y  i n d e p e n d e n t  o f  t h e  o t h e r  e f f e c t s .  
F o r  t h e  c a s e  o f  a b o r t  i n i t i a t e d  a t  t h e  t i p o v e r  a t t i t u d e s  and  
a t t i t u d e  ra tes ,  i f  i t  i s  assumed t h a t  t h e  LEV i n i t i a l  c o n d i t i o n s  
are e q u a l l y  l i k e l y  t o  b e  i n  t h e  u p r a n g e ,  downrange r i g h t  or l e f t  
d i r e c t i o n ,  t h e  e f f e c t  o f  1. and 2 .  c an  b e  g r a p h i c a l l y  combined 
w i t h  t h e  e f f e c t  o f  3 . :  

1/4 F + 1/4 Fd + 1/4 Fr + 1/4 F1 
U 

where FU, Fd, Fr and F1 are t h e  d i s t r i b u t i o n  f u n c t i o n s  f o r  t h e  

o f  winds w i t h  a b o r t  i n i t i a t e d  a t  t h e  t i p o v e r  a t t i t u d e  and  a t t i t u d e  
r a t e s  i n  t h e  u p r a n g e ,  downrange, r i g h t  and  l e f t  d i r e c t i o n s ,  r e s p e c -  
t i v e l y ,  c e n t e r e d  a t  t h e i r  r e s p e c t i v e  mean l a n d i n g  p o i n t s  w i t h  winds 
a p p l i e d .  F o r  s i m p l i c i t y  t h i s  r e s u l t i n g  d i s t r i b u t i o n  can  be assumed 
normal  and  i t s  s t a n d a r d  d e v i a t i o n  c a l c u l a t e d .  T h i s  v a l u e  c a n  b e  
root -sum-squared  w i t h  t h e  s t a n d a r d  d e v i a t i o n  f o r  t h e  f o u r t h  f a c t o r  
t o  g i v e  t h e  f i n a l  s t a n d a r d  d e v i a t i o n .  F o r  t h e  c a s e  where a b o r t  i s  
i n i t i a t e d  w i t h  a nominal  LV t h e  p r o c e d u r e  i s  s i m i l a r ,  b u t  o n l y  one 
d i s t r i b u t i o n  f u n c t i o n  f o r  t h e  e f f e c t  o f  winds i s  needed  s o  t h e  
g r a p h i c a l  c o m b i n a t i o n  i s  n o t  n e c e s s a r y .  I n  T a b l e  1 on page  5 a re  
g i v e n  t h e  d i s t a n c e s  o f  t h e  nominal  CM l a n d i n g  p o i n t  from t h e  1 0  f o o t  
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d e p t h  l i n e .  Using these  v a l u e s  t h e  mean l a n d i n g  p o i n t s  ( a f t e r  
a p p l y i n g  winds and  a l l o w i n g  for t h e  nonsymmetry o f  t h e  t i p o v e r  
l a n d i n g  p o i n t s )  can  b e  found  from F i g u r e  1 0  or f rom t h e  g r a p h s  
made above  f o r  combining d i s t r i b u t i o n  f u n c t i o n s .  F i n a l l y ,  t h e  
mean l a n d i n g  d i s t a n c e s  f rom t h e  1 0  f o o t  d e p t h  l i n e  can  be  p u t  
i n  u n i t s  o f  t h e  c o r r e s p o n d i n g  s t a n d a r d  d e v i a t i o n s  found above ,  
and t h e  p r o b a b i l i t y  o f  l a n d  l a n d i n g  found  from a normal  d i s -  
t r i b u t i o n  t a b l e .  A n u m e r i c a l  example o f  t h i s  p r o c e d u r e  i s  
g i v e n  i n  Appendix D .  

The r e s u l t i n g  l a n d  l a n d i n g  p r o b a b i l i t i e s  for t h e  two 
c a s e s  are  shown i n  F i g u r e  1 4 .  These  p r o b a b i l i t i e s  a r e  s u b s t a n -  
t i a l l y  l e s s  t h a n  t h o s e  o b t a i n e d  by  MSC's method g i v e n  i n  F i g u r e  
1 2  ( 2 8 %  i n s t e a d  o f  83% f o r  pad a b o r t  aric: ?'-I% j n s t e a d  o f  58'" io f o r  
20  second  a b o r t ) .  Par t  of  t h i s  d i f f e r e n c e  i s  due to t h e  method 
u s e d ,  b u t  a l s o  p a r t  i s  due t o  LEV p a r a m e t e r  changes  c a u s i n g  a 
d i f f e r e n c e  LEV r a n g e  as d i s c u s s e d  i n  S e c t i o n  I V  on page 7 .  For 
example ,  i t  can  b e  e a s i l y  shown t h a t  i f  A p o l l o  8 r a n g e  da ta  
were used  MSC's method o f  o b t a i n i n g  l a n d  l a n d i n g  p r o b a b i l i t y  
would g i v e  a b o u t  57% f o r  p a d  a b o r t  i n s t e a d  o f  8 3 % .  

F i g u r e  1 5  p r e s e n t s  i n f o r m a t i o n  t h a t  i s  h e l p f u l  i n  
e x p l a i n i n g  t h e  s h a p e  o f  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  c u r v e s .  
I n  t h e  t o p  ha l f  o f  t h i s  f i g u r e  i s  shown t h e  a p p r o x i m a t e  s t a n d a r d  
d e v i a t i o n  r e s u l t i n g  from combining t h e  f a c t o r s  t h a t  c a u s e  
d i s p e r s i o n  i n  t h e  CM l a n d i n g  p o i n t  g i v e n  on page 1 3 ;  a l s o  shown 
i s  t h e  d i s t a n c e  o f  t h e  CM l a n d i n g  p o i n t  f rom t h e  1 0  f o o t  d e p t h  
l i n e .  We may c o n c l u d e :  

1. 

2. 

F o r  e a r l y  a b o r t s  t h e  s t a n d a r d  d e v i a t i o n  i s  r e l a t i v e l y  
small so t h e  d i s t a n c e  o f  t h e  mean l a n d i n g  p o i n t  from 
t h e  1 0  f o o t  dep th  l i n e  i s  v e r y  i m p o r t a n t ,  which a c c o u n t s  
f o r  t h e  d i f f e r e n c e  i n  S a t u r n  I B  and  S a t u r n  V l a n d  l a n d i n g  
p r o b a b i l i t i e s .  

The l a n d  l a n d i n g  p r o b a b i l i t y  i s  maximum a t  a b o u t  a 2 5  
second  a b o r t  because  u n t i l  a b o u t  2 5  s e c o n d s  t h e  d i s t a n c e  
o f  t h e  mean l a n d i n g  p o i n t  f rom t h e  1 0  f o o t  d e p t h  l i n e  
s tays  a b o u t  c o n s t a n t ,  b u t  a f t e r  1 0  s e c o n d s  t h e  s t a n d a r d  
d e v i a t i o n  i n c r e a s e s  s h a r p l y .  Land l a n d i n g  p r o b a b i l i t y  
d r o p s  o f f  a f t e r  30 seconds  b e c a u s e  o f  a r a p i d  i n c r e a s e  
i n  LEV r a n g e  a l o n g  w i t h  some h e l p  from t h e  mean o f f s h o r e  
wind.  

Wind a p p l i e d  t o  p a r a c h u t e  d e s c e n t  i s  b y  f a r  t h e  main  c o n t r i b u t o r  
t o  d i s p e r s i o n  o f  t h e  CM l a n d i n g  p o i n t .  The lower  ha l f  o f  F i g u r e  15 
shows t h e  i m p o r t a n c e  o f  t h e  o t h e r  t h ree  f a c t o r s  r e l a t i v e  t o  e a c h  
o t h e r .  We see f o r  a b o r t s  b e f o r e  a b o u t  20  s e c o n d s  from l a u n c h ,  
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d i s p e r s i o n  due t o  winds  a p p l i e d  t o  t h e  LEV t r a j e c t o r y  from 
a b o r t  t o  d rogue  c h u t e  deployment  and d i s F e r s i o n  due  t o  a b o r t  
i n i t i a t e d  a t  t h e  t i p o v e r  a t t i t u d e s  and a t t i t u d e  r a t e s  a r e  
a b o u t  e q u a l l y  i m p o r t a n t ,  and t h r u s t  mi sa l i sn rnen t  i s  less  impor- 
t a n t  t h a n  these .  For a b o r t s  a f t e r  a b o u t  20  s e c o n d s  o n l y  winds 
are i m p o r t a n t .  T h i s  e x p l a i n s  t h e  f a c t  t h a t  the  l a n d  l a n d i n g  
p r o b a b i l i t y  c u r v e s  f o r  a b o r t  i n i t i a t e d  w i t h  t i p o v e r  a t t i t u d e s  
and a t t i t u d e  r a t e s  and w i t h  nominal  a t t i t u d e  and a t t i t u d e  
r a t e  a re  o n l y  d i f f e r e n t  for a b o r t s  b e f o r e  20 s e c o n d s  from 
l a u n c h .  

The r e s u l t s  o f  t h i s  s u b s e c t i o n  were d e r i v e d  from 
t h e  a v a i l a b l e  da ta  and  some da ta  t h a t  had  to be  e s t ima ted .  
The f o l l o w i n g  summarizes  t h e  a s s u m p t i o n s  t h a t  had  t o  b e  made 
and  some 

1. 

2 .  

3.  

o f  t h e  p o s s i b l e  s o u r c e s  o f  i n a c c u r a c i e s .  

The l a c k  o f  s u f f i c i e n t  da ta  on t h e  e f f e c t  of winds  
on t h e  LEV t r a j e c t o r y  from a b o r t  t o  d rogue  c h u t e  
deployment  p r o b a b l y  i n t r o d u c e s  t h e  l a r g e s t  s o u r c e  
o f  e r r o r  i n  t h e  r e s u l t s .  As p o i n t e d  o u t  i n  t h e  
l a s t  p a r a g r a p h ,  t h i s  e f f e c t  i s  t h e  second  most 
i m p o r t a n t  f a c t o r  c o n t r i b u t i n g  t o  d i s p e r s i o n  of  CM 
l a n d i n g  p o i n t s .  

The r a n g e  of t h e  CM l a n d i n g  p o i n t ,  which i s  m a i n l y  
d e t e r m i n e d  b y  t h e  l aunch  e s c a p e  motor  t h r u s t  a l i g n -  
ment, was taken from t h e  l a t e s t  o p e r a t i o n a l  a b o r t  
p l a n s  f o r  S a t u r n  I B  and S a t u r n  V l a u n c h e s .  I t  was 
assumed t h a t  t h r u s t  a l i g n m e n t  has l i t t l e  e f f e c t  on 
o t h e r  data  ( s u c h  as s t a n d a r d  d e v i a t i o n  i n  l a n d i n g  
p o i n t s  b e c a u s e  of winds and a l t i t u d e  o f  28  s e c o n d  
main c h u t e  d e p l o y m e n t ) ;  t h i s  o t h e r  d a t a  was d e r i v e d  
f o r  d i f f e r e n t  t h r u s t  a l i g n m e n t s .  

I t  was assumed t h a t  t he  CM l a n d i n g  p o i n t  s t a t i s t i c s  
(mean and s t a n d a r d  d e v i a t i o n  of  l a n d i n g  p o i n t s  be-  
c a u s e  of  winds  a p p l i e d  t o  p a r a c h u t e  d e s c e n t )  are 
ma in ly  d e t e r m i n e d  by t h e  a l t i t u d e  o f  main c h u t e  
dep loymen t .  I n  t u r n  t h e  a l t i t u d e  o f  main c h u t e  
dep loymen t ,  f o r  deployment  28 seconds a f t e r  a b o r t ,  
had t o  b e  e s t i m a t e d  f o r  downrange t i p o v e r  ( F i g u r e  6 ) .  
A l so  t h e s e  s t a t i s t i c s  were known f o r  o n l y  two a l t i -  
t u d e s  of main c h u t e  deployment  s o  v a l u e s  i n  be tween 
had t o  be e s t ima ted  ( F i g u r e s  10  and 11). Besides  
a l t i t u d e  of  main c h u t e  dep loymen t ,  t h e  CM l a n d i n g  
p o i n t  s t a t i s t i c s  a r e  i n f l u e n c e d  by  t h e  LEV t r a -  
j e c t o r y  s h a p e ,  i n  p a r t i c u l a r  t h e  a l t i t u d e  o f  
d rogue  c h u t e  deployment ;  b e c a u s e  t h e  da t a  used  
was f o r  up range  t i p o v e r ,  t h e  p r o b a b i l i t y  r e s u l t s  a r e  
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c o n s e r v a t i v e * .  The CM l a n d i n g  p o i n t  s t a t i s t i c s  were 
d e r i v e d  from t h e  component o f  t h e  wind da ta  p e r -  
p e n d i c u l a r  t o  t h e  1 0  f o o t  d e p t h  l i n e  f o r  Pad  39 ,  s o  
i t  was assumed tha t  t h e  s t a t i s t i c s  would be  a b o u t  t h e  
same f o r  t h e  component p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  
d e p t h  l i n e  f o r  Pad 3 4 .  F i n a l l y ,  i t  must b e  r e c a l l e d  
t h a t  t h e  r e s u l t s  were based on a n n u a l  w inds ,  b u t  
d e c i s i o n s  f o r  s p e c i f i c  f l i g h t s  s h o u l d  b e  based on 
r e s u l t s  f o r  e a c h  month o f  t h e  y e a r  and  t i m e  o f  t h e  
day ;  a n  i n d i c a t i o n  o f  t h e  v a r i a t i o n  o f  l a n d  l a n d i n g  
p r o b a b i l i t y  w i t h  month and  t i m e  o f  day i s  g i v e n  i n  
t h e  n e x t  s e c t i o n .  

4 .  The amount o f  d i s p l a c e m e n t  i n  t h e  CM l a n d i n g  p o i n t  from 
t h e  nominal  l a n d i n g  p o i n t  c a u s e d  by i n i t i a t i n g  a b o r t  
a t  t h e  c u r r e n t  S a t u r n  I B  t i p o v e r  a t t i t u d e s  and a t t i t u d e  
r a t e s  ( F i g u r e  4) was t a k e n  from t h e  l a t e s t  S a t u r n  I B  
( A p o l l o  7 )  o p e r a t i o n a l  a b o r t  p l a n .  Cor re spond ing  d a t a  
f o r  t h e  c u r r e n t  S a t u r n  V t i p o v e r  a t t i t u d e s  and a t t i t u d e  
ra tes  i s  n o t  g i v e n  i n  t h e  l a t e s t  S a t u r n  V ( A p o l l o  8 )  
o p e r a t i o n a l  a b o r t  p l a n ,  s o  F i g u r e  4 was assumed ap- 
p l i c a b l e  f o r  t h e  S a t u r n  V.  I n d i c a t i o n s  a re  t h a t  t h e  
d i s p l a c e m e n t  i s  l e s s  f o r  S a t u r n  V ,  s o  t h e  S a t u r n  V 
p r o b a b i l i t i e s  g i v e n  i n  t h i s  memorandum a re  c o n s e r v a t i v e .  
However, r e c a l l  t h a t  t h e  c u r r e n t  t i p o v e r  a t t i t u d e s  and 
a t t i t u d e  r a t e s  are f o r  a s p e c i f i c  LV m a l f u n c t i o n ;  o t h e r  
LV m a l f u n c t i o n s  cou ld  c a u s e  h i g h e r  l a n d  l a n d i n g  
p r o b a b i l i t i e s .  

5 .  I n  o r d e r  t o  b e  ab le  t o  combine d i s t r i b u t i o n  f u n c t i o n s  
by a d d i n g  or root -sum-squar ing  o f  s t a n d a r d  d e v i a t i o n s ,  i t  
was assumed t h a t  t h e  d i s t r i b u t i o n s  were no rma l ,  which 
i s  s e e n  t o  b e  o n l y  a p p r o x i m a t e l y  t r u e  i n  Appendix D .  
T h i s  a s s u m p t i o n  could  be a v o i d e d  by u s i n g  n u m e r i c a l  
i n t e g r a t i o n  t o  combine d i s t r i b u t i o n  f u n c t i o n s  , b u t  i t  
was n o t  f e l t  wor th  w h i l e  u n t i l  more a c c u r a t e  data i s  
a v a i l a b l e .  

V I I .  PARAMETRIC ANALYSIS OF LAND L A N D I N G  PROBABILITIES 

I n t r o d u c t i o n  I n  t h i s  s e c t i o n  t h e  s e n s i t i v i t y  o f  t h e  
l a n d  l a n d i n g  p r o b a b i l i t y  t o  t h o s e  p a r a m e t e r s  t h a t  a re  p re se t  
b e f o r e  t h e  f l i g h t  are c o n s i d e r e d ,  and  p o s s i b l e  methods o f  improv- 
i n g  l a n d  l a n d i n g  p r o b a b i l i t i e s  are  g i v e n .  The s u b s e c t i o n  d e a l i n g  
w i t h  month o f  y e a r  and  t i m e  of day u s e s  l a n d  l a n d i n g  p r o b a b i l i t i e s  

"Uprange t i p o v e r  i m p l i e s  h i g h e r  d rogue  c h u t e  deployment  
a l t i t u d e  t h a n  w i t h o u t  t i p o v e r ,  which i m p l i e s  l a r g e r  s t a n d a r d  
d e v i a t i o n s ,  which i m p l i e s  h i g h e r  l a n d  l a n d i n g  p r o b a b i l i t i e s  
i f  t h e  mean l a n d i n g  p o i n t  w i t h  winds a p p l i e d  i s  i n  water. 
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d e r i v e d  b y  MSC ( a n d  t h e r e f o r e  assumes w o r s t  c a s e  c o n d i t i o n s ) ,  
w h i l e  t h e  r e m a i n i n g  s u b s e c t i o n s  u s e  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  
found b y  t h e  method deve loped  i n  t h i s  memorandum. 

Month o f  Year and  Time of Day A s  shown i n  F i g u r e  16 
t h e  v a r i a t i o n  o f  l a n d  l a n d i n g  p r o b a b i l i t y  w i t h  time o f  year  i s  
s i g n i f i c a n t ;  l a n d  l a n d i n g  p r o b a b i l i t i e s  a r e  l o w e s t  d u r i n g  t h e  
f i r s t  p a r t  o f  t h e  y e a r  and  n e a r  t h e  midd le  o f  t h e  year .  The 
v a r i a t i o n  w i t h  time o f  day i s  o n l y  i m p o r t a n t  f o r  May t h r o u g h  
Sep tember ;  t h e n  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  i s  l o w e s t  i n  t h e  
morning .  The  small v a r i a t i o n  o f  t h e  p r o b a b i l i t y  w i t h  time o f  
day f o r  c e r t a i n  months was conf i rmed  b y  a n o t h e r  method ( s e e  
Appendix B ) .  

A l t i t u d e  o f  Main Chute  Deployment Using t h e  method 
deve loped  i n  t h e  l a s t  s e c t i o n ,  t h e  v a r i a t i o n  o f  l a n d  l a n d i n g  
p r o b a b i l i t y  w i t h  a l t i t u d e  o f  main c h u t e  deployment  ( f o r  v a r i o u s  
times o f  a b o r t * )  can  b e  found and  i s  shown i n  F i g u r e  1 7 .  I n  
g e n e r a l  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  i n c r e a s e s  f a s t e r  w i t h  main 
c h u t e  deployment  a l t i t u d e s  between 4 , 0 0 0  and 5 , 5 0 0  f e e t  t h a n  i t  does  
w i t h  o t h e r  a l t i t u d e s .  Markings on t h e  c u r v e s  i n d i c a t e  t h e  a l t i t u d e  
o f  2 8  seconds  main c h u t e  deployment ,  s o  i t  can  b e  s e e n  t h a t  a 
wor th -whi l e  improvement i n  l a n d  l a n d i n g  p r o b a b i l i t i e s  c a n  b e  made 
f o r  a b o r t s  a f t e r  1 0  seconds  b y  d e p l o y i n g  t h e  main  c h u t e  a t  3 , 3 0 0  
f e e t .  T h i s  p r o c e d u r e ,  which i s  c a l l e d  " s k y  d i v i n g " ,  was c o n s i d e r e d  
b u t  r e j e c t e d  b e c a u s e  t h i s  d e l a y e d  main c h u t e  deployment  would have  
t o  b e  done manua l ly  [ 4 5  and 4 7 1 .  

LEV Range The e f f e c t  o f  i n c r e a s i n g  t h e  LEV r a n g e  
p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  d e p t h  l i n e  i s  a p p r e c i a b l e ,  e s p e c i a l l y  
f o r  a b o r t s  b e f o r e  1 0  s e c o n d s ,  as shown i n  F i g u r e  1 8  ( d e r i v e d  from 
F i g u r e  A 2  o f  Appendix D); f o r  example ,  i n c r e a s i n g  t h e  onshore -  
o f f s h o r e  d i s t a n c e  1 0 0 0  f e e t  cou ld  d e c r e a s e  t h e  p e r c e n t  p r o b a b i l i t y  
o v e r  30%.  S i n c e  p r o b a b i l i t y  o f  a b o r t  i s  c o n s i d e r e d  h i g h e s t  i n  t h e  
15  s e c o n d  p e r i o d  f o l l o w i n g  l i f t o f f  t h i s  i s  t h e  most  a p p r o p r i a t e  
method o f  improv ing  l a n d  l a n d i n g  p r o b a b i l i t y .  The  f o l l o w i n g  a r e  
f o u r  p o s s i b l e  methods o f  do ing  t h i s .  

1. P r e s e n t l y  t h e  l aunch  e s c a p e  motor  t h r u s t  i s  a l i g n e d  
s u c h  t h a t  f o r  pad a b o r t  t h e  t r a j e c t o r y  has an az imuth  
o f  a b o u t  9 6  d e g r e e s .  For Pad 39 t h i s  i s  4 4  degrees 
from b e i n g  p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  l i n e ,  s o  much 
c o u l d  b e  g a i n e d  i f  t h e  t h r u s t  a l i g n m e n t  c o u l d  be a d j u s t -  
ed i n  t h e  n e g a t i v e  Y d i r e c t i o n  ( s e e  F i g u r e  1) t o  make 

"Abor ts  a f t e r  30 seconds  were n o t  c o n s i d e r e d  b e c a u s e  i n  t h e  
c u r r e n t  s equence  o f  e v e n t s  main c h u t e  deployment  i s  a l w a y s  a t  
1 0 , 5 0 0  f e e t  f o r  a b o r t s  a f t e r  about  37 s e c o n d s  a n d  a b o r t s  a t  40  
and  50 seconds  have  a r e l a t i v e l y  low l a n d  l a n d i n g  p r o b a b i l i t y  
as was s e e n  i n  F i g u r e  1 4 .  
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t h e  a z i m u t h  p e r p e n d i c u l a r  t o  t h e  s h o r e .  One d i f f i c u l t y  
i s  t h a t  t h e  p i t c h  c o n t r o l  motor  t h r u s t  i s  d i r e c t e d  west ,  
s o  i f  t h i s  d i r e c t i o n  c o u l d  n o t  b e  changed some p i t c h i n g  
moment ( a n d  t h e r e f o r e  r a n g e )  would b e  l o s t ;  a l t h o u g h  
t h i s  e f f e c t  c o u l d  b e  s i g n i f i c a n t  [481, A Y  c o u l d  s t i l l  b e  
o p t i m i z e d  t o  d e c r e a s e  l a n d  l a n d i n g  p r o b a b i l i t y  as much 
as p o s s i b l e .  Th i s  p o s s i b l e  d i f f i c u l t y  was n o t  c o n s i d e r -  
ed  i n  F i g u r e  19 ,  which shows t h a t  t h i s  method c o u l d  c u t  
t h e  l a n d  l a n d i n g  p r o b a b i l i t y  more t h a n  h a l f  f o r  a b o r t s  
b e f o r e  1 0  s e c o n d s .  

2 .  The above method does  n o t  do t o o  much t o  improve 
p r o b a b i l i t i e s  a f t e r  1 0  s e c o n d s ,  b u t  t h i s  can  b e  remedied  
if i t  i s  used  i n  c o n j u n c t i o n  w i t h  t h e  " s k y  d i v e "  p r o c e -  
d u r e  ( c o n s i d e r e d  i n  t h e  l a s t  s u b s e c t i o n  and r e s u l t i n g  
i n  t h e  combined e f f e c t  shown i n  F i g u r e  19) or w i t h  t h e  
S - t i l t  method.  T h i s  l a s t  method,  which changes  t h e  
commanded p i t c h  program s o  t h e  LV g a i n s  r a n g e  s o o n e r ,  
was p roposed  i n  1967 [ 3 3 ] ,  b u t  was d i s c a r d e d  b e c a u s e  
i t  o n l y  h e l p s  t h e  l a n d  l a n d i n g  p r o b a b i l i t y  a f t e r  1 0  
s e c o n d s .  A s  shown i n  F i g u r e  1 9 ,  t h e  S - t i l t  method i s  
wor th  c o n s i d e r i n g  i n  c o n j u n c t i o n  w i t h  AY t h r u s t  a l i g n -  
ment ;  t h r u s t  r e a l i g n m e n t  r e d u c e d  t h e  l a n d  l a n d i n g  
p r o b a b i l i t y  f o r  20  s econd  a b o r t s  down t o  27%, and t h e  
S - t i l t  method cou ld  r e d u c e  t h i s  t o  19%, w h i l e  " s k y  d i v -  
i n g "  c o u l d  r e d u c e  t h e  2 7 %  t o  1 2 % .  

3 .  T h e  r a n g e  o f  t h e  LEV c o u l d  b e  i n c r e a s e d  b y  i n c r e a s i n g  
t h e  b u r n i n g  t i m e  o f  t h e  l a u n c h  e s c a p e  moto r .  A s t u d y  
has been  made w i t h  i n c r e a s e d  i m p u l s e  o f  t h e  l a u n c h  

. e s c a p e  motor  [l and 2 9 1  w i t h  t h e  r e s u l t  t h a t  t h e  s p e e d  
a t  drogue  c h u t e  deployment was i n c r e a s e d  s o  much t h a t  
a f t e r  t h e  t h r u s t  was r e a l i g n e d  t o  s a t i s f y  main c h u t e  
l o a d  l i m i t s ,  no i n c r e a s e  i n  t h e  r a n g e  was a c h i e v e d .  But 
i t  has n o t  been  shown t h a t  t h e  t h r u s t  p r o f i l e  c o u l d  n o t  
b e  a d j u s t e d  s o  t h a t  t h i s  problem would n o t  b e  e n c o u n t e r e d .  

4 .  The s t u d y  mentioned i n  3. t o  i n c r e a s e  l a u n c h  e s c a p e  motor  
i m p u l s e  was p a r t  o f  work done b y  MSC t o  c o n s i d e r  w a y s  of 
i n c r e a s i n g  LEV c a p a b i l i t i e s  f o r  t h e  A p o l l o  A p p l i c a t i o n s  
Program. The c o n c l u s i o n  of  t h i s  work was t h a t  t h e  o n l y  
way t o  improve LEV c a p a b i l i t i e s  was t o  have  a " S t e e r a b l e  
Abor t  System" ( onboard g u i d a n c e  and  n a v i g a t i o n  s y s t e m )  
t o  g u i d e  t h e  LEV t o  a water l a n d i n g  [l and 491. 

CM Weight A s  ment ioned  p r e v i o u s l y  a change  i n  CM w e i g h t  
c a u s e s  a change i n  l a u n c h  e s c a p e  moto r  t h r u s t  a l i g n m e n t  which a l o n g  
w i t h  t h e  w e i g h t  change causes  a change  i n  LEV r a n g e .  Al though more 
i n f o r m a t i o n  i s  needed  t o  draw a d e f i n i t e  c o n c l u s i o n ,  i n d i c a t i o n s  
a r e  t h a t  l a n d  l a n d i n g  p r o b a b i l i t y  i n c r e a s e s  a p p r e c i a b l y  w i t h  CM 
w e i g h t .  
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Launch Azimuth So f a r  i n  t h i s  memorandum o n l y  a 72' 
l a u n c h  az imuth  has been  c o n s i d e r e d ;  t h e  e f f e c t  of o t h e r  l a u n c h  
a z i m u t h s  on l a n d  l a n d i n g  p r o b a b i l i t i e s  f o r  S a t u r n  V i s  shown 
i n  F i g u r e  2 0 .  T h i s  was o b t a i n e d  b y  u s i n g  t h e  s t a t i s t i c a l  method 
of t h i s  memorandum t o  f i n d  l a n d  l a n d i n g  p r o b a b i l i t i e s  w i t h  t h e  
a p p r o p r i a t e  roll command a p p l i e d .  The r e s u l t  shows t h a t  for a 
90' l a u n c h  az imuth  t h e  p r o b a b i l i t y  i s  n o t  s i g n i f i c a n t l y  h i g h e r ,  
b u t  f o r  a 108O l a u n c h  az imuth  t h e  p e r c e n t  p r o b a b i l i t y  i s  up t o  
20% h i g h e r .  Note t h a t  t h e  v a r i a t i o n  o f  l a n d  l a n d i n g  p r o b a b i l i t y  
w i t h  l a u n c h  az imuth  would be g r e a t l y  r e d u c e d  i f  A Y  t h r u s t  a l i g n -  
ment were used  t o  i n c r e a s e  LEV r a n g e .  

2013-DGE-b j w  
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APPENDIX A 

Sequence o f  E v e n t s  After a Near-Pad Abort  

I n  T a b l e  A 1  a d e t a i l e d  l i s t  of t h e  sequence  o f  e v e n t s  
t h a t  o c c u r  a f t e r  a near -pad  a b o r t  i s  g i v e n .  The sequence  i s  
n o t  e x a c t l y  t h e  same f o r  a l l  near -pad  a b o r t s  as shown by t h e  
column t h a t  g i v e s  t h e  c o n d i t i o n  t h a t  must b e  s a t i s f i e d  f o r  an 
e v e n t  t o  o c c u r .  For t h i s  r e a s o n  i t  i s  c o n v e n i e n t  t o  d i v i d e  
LEV a b o r t s  i n t o  a b o r t  modes, a l t h o u g h  t h i s  t e r m i n o l o g y  i s  
n o t  needed  i n  t h i s  memorandum. LEV a b o r t s  are c a l l e d  Xode I 
a b o r t s  and  these  are d i v i d e d  i n t o  Mode I A ,  IS and I C  a b o r t s .  
The s w i t c h i n g  p o i n t  be tween Modes I A  and I B  a b o r t s  i s  6 1  s e c o n d s  
a f t e r  l a u n c h  f o r  S a t u r n  I B  and 4 2  s econds  a f t e r  l a u n c h  f o r  
S a t u r n  V. Mode I a b o r t s  o c c u r r i n g  a f t e r  t h e  LV r e a c h e s  an  
a l t i t u d e  o f  1 0 0 , 0 0 0  f e e t  ( a t  a b o u t  108  s e c o n d s  a f t e r  l a u n c h )  
are c a l l e d  Mode I C  a b o r t s .  
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APPENDIX B 

Methods o f  O b t a i n i n g  S t a t i s t i c a l  R e s u l t s  
On t h e  E f f e c t  o f  Winds on LEV T r a j e c t o r i e s  

Three  methods have b e e n  p roposed  [ 5 2 ]  t o  o b t a i n  
s t a t i s t i c a l  r e s u l t s  on t h e  e f f e c t  o f  winds on LEV t r a j e c t o r i e s :  
wind p r o f i l e  c o n s t r a i n t ,  s t a t i s t i c a l  model and  f l i g h t  s imu la -  
t i o n .  T h i s  l a s t  method i s  t h e  one used  b y  M S C  and  i s  d e s c r i b e d  
i n  t h e  body o f  t h i s  memorandum. The  f i r s t  two a re  d i s c u s s e d  
be low.  

1. Wind P r o f i l e  C o n s t r a i n t  

I f  a s i m p l e  d e s c r i p t i o n  o f  t h e  wind p r o f i l e  c o n s t r a i n t  
t h a t  must be  imposed t o  a v o i d  l a n d  l a n d i n g  can  b e  g i v e n ,  t h e  
p r o b a b i l i t y  o f  winds b e i n g  worse t h a n  t h i s  can  be  found s i m p l y  
f rom wind da t a .  I n  s e t t i n g  a c o n s t r a i n t  o n l y  pad  a b o r t s  and  
a b o r t s  up t o  1 5  s e c o n d s  were c o n s i d e r e d  s o  t h e  maximum a l t i t u d e  
r e a c h e d  b y  LES t r a j e c t o r i e s  i s  a b o u t  8000 f e e t ,  e v e n  w i t h  up- 
r a n g e  t i p o v e r .  Wind data  ava i l ab le  i n  t h i s  r e g i o n  i s  a t  0 ,  1 
and 2 k i l o m e t e r s  (0,3281 and 6562 f e e t ) ;  t h i s  d a t a  i s  from s u r -  
f a c e  measurements  t a k e n  eve ry  h o u r  and  from Rawinsonde measure-  
ments  t a k e n  r e g u l a r l y  a t  7:OO A.M. and 7:OO P.M.  and  sometimes 
a t  1:OO A.M. and 1:OO P.M. The f i r s t  c o n s t r a i n t  which was used  

from d i r e c t i o n s  6 0  t o  120 d e g r e e s  a t  a l l  o f  t h e  t h r e e  a l t i t u d e s  
b e  l e s s  t h a n  4 me te r s / second  ( 1 3 . 1  f e e t / s e c o n d ) ;  t h e  d i r e c t i o n  
r e q u i r e m e n t  was l a t e r  changed t o  0 t o  1 8 0  d e g r e e s  and t h e  s p e e d  
changed  t o  1 mete r / second  (3.3 f e e t / s e c o n d ) .  T h i s  c o n s t r a i n t  i s  
n o t  t o o  r e a s o n a b l e  b e c a u s e  i t  s h o u l d  r e a l l y  b e  t h e  o n s h o r e  compo- 
n e n t  o f  t h e  wind t h a t  i s  r e s t r i c t e d  and  b e c a u s e  wind a t  one 
a l t i t u d e  c o u l d  c a u s e  a c o n s t r a i n t  c o n d i t i o n  i n d e p e n d e n t  o f  winds 
a t  o t h e r  a l t i t u d e s  ( s u r f a c e  and  i n f l i g h t  winds  a r e  n o t  h i g h l y  
c o r r e l a t e d ) .  More r e c e n t l y  f o r  Pad 34 l a u n c h e s  a c o n s t r a i n t  o f  
1 f o o t / s e c o n d  on t h e  wind component from 72 degrees. a z i m u t h  was 
u s e d  [ 5 3  and  541; i n s t e a d  o f  r e q u i r i n g  t h e  wind a t  a l l  t h r e e  
a l t i t u d e s  (0,l and 2 k i l o m e t e r s )  t o  meet t h i s  c o n s t r a i n t ,  t h e  
c o n s t r a i n t  was a p p l i e d  t o  t h e  sum o f  t h e  w e i g h t e d  wind speeds ,  
where t h e  w e i g h t i n g  f a c t o r s  were 1/4 f o r  t h e  500 meter s u r f a c e  
l a y e r  ( 0  t o  1 , 6 4 0  f e e t ) ,  1 / 2  f o r  t h e  n e x t  1 k i l o m e t e r  l a y e r  
( 1 , 6 4 0  t o  4 , 9 2 1  f e e t ) ( t h i s  l a y e r  i s  w e i g h t e d  t w i c e  as much as t h e  
p r e v i o u s  l a y e r  b e c a u s e  i t  i s  t w i c e  as t h i c k ) ,  and  1 / 4  f o r  t h e  
l a s t  1 k i l o m e t e r  l a y e r  (4,921 t o  8,202 f e e t )  ( t h i s  l a y e r  i s  we igh t -  
ed 1/4 b e c a u s e  t h e  main p a r a c h u t e s  a re  d e p l o y e d  a t  l o w e r  a l t i t u d e s ) .  
The 1 f o o t / s e c o n d  l i m i t  i s  r e a s o n a b l e  f o r  w o r s t  c a s e  c o n s i d e r a t i o n s  
( u p r a n g e  t i p o v e r  and 9 5 t h  p e r c e n t i l e  headwinds a p p l i e d  t o  t h e  LEV 
t r a j e c t o r y )  as shown i n  F i g u r e  Al. The o n l y  a p p l i c a t i o n  o f  t h i s  
c o n s t r a i n t  t h a t  has  been  made s o  f a r  was t o  d e t e r m i n e  how much 

L -  LU ~ c l l c L a b c  -------+,-. n n n h q h i  p i v u u u l L r v L L ,  7 i t i  n c  ___... f r n m  T *rind d a t a  r e q u i r e d  t h a t  wind 
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t h e  p r o b a b i l i t y  o f  l a n d  l a n d i n g  w i t h  up range  t i p o v e r  v a r i e s  w i t h  
time o f  t h e  d a y .  I t  was shown t h a t  t h i s  v a r i a t i o n  i s  small f o r  
t h e  months o f  Oc tobe r  and November [551;  i n  R e f e r e n c e  44 f o r  
mid-September t o  mid-October and t h e  same c o n c l u s i o n  i s  i n d i c a t e d .  

2 .  S t a t i s t i c a l  Model 

Annual wind da ta  has  b e e n  s t a t i s t i c a l l y  r e d u c e d  t o  
g i v e  t h e  mean and  s t a n d a r d  d e v i a t i o n  f o r  e a c h  a l t i t u d e  and  
component and t h e  c o r r e l a t i o n s  be tween a l t i t u d e s  and  components 
[ 3 2 ] .  By a p p l y i n g  these s t a t i s t i c s  t o  a n  LEV t r a j e c t o r y  s i m u l a -  
t o r  i t  would be  p o s s i b l e  t o  d e r i v e  t h e  d e n s i t y  f u n c t i o n  o f  CM 
l a n d i n g  p o i n t s  and  t h e r e f o r e  l a n d  l a n d i n g  p r o b a b i l i t i e s .  I n  
R e f e r e n c e  5 2  a method t h a t  has  b e e n  used  i n  o t h e r  a p p l i c a t i o n s  
i s  s u g g e s t e d  b u t  n o t  d e s c r i b e d  ( t h i s  method u s e s  " b a l l i s t i c  f a c -  
tors" and t h e  r e s u l t s  a re  g o t t e n  s imply  b y  m a t r i x  m u l t i p l i c a t i o n ) ,  
a l t h o u g h  a c c o r d i n g  t o  Reference  1 t h i s  method i s  n o t  a p p l i c a b l e  
t o  p a r a c h u t e  d e s c e n t .  
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D e s c r i p t i o n  o f  Wind Data Used i n  T r a j e c t o r y  S i m u l a t i o n s  

The wind data  used  by t h e  A n a l y t i c a l  Aerodynamics 
S e c t i o n ,  MSC, t o  c a l c u l a t e  l and  l a n d i n g  p r o b a b i l i t i e s  was o b t a i n e d  
from t h e  U .  S .  Weather  Bureau N a t i o n a l  Weather Records  C e n t e r  i n  
A s h e v i l l e ,  Nor th  C a r o l i n a .  The da t a  was t a k e n  o v e r  a n  e i g h t  
y e a r  p e r i o d  (1956 t h r o u g h  1 9 6 4 ) .  A l l  e x c e p t  a p p r o x i m a t e l y  t h e  
f i r s t  y e a r  o f  t h i s  da ta  was t a k e n  a t  KSC; t h e  r e s t  o f  t h e  data  
was from P a r t i c k  A i r  F o r c e  Base which i s  n e a r  KSC. Approximate ly  
15 ,000  wind p r o f i l e s  were a v a i l a b l e ,  b u t  a f t e r  these  were e d i t e d  
t o  o b t a i n  p r o f i l e s  w i t h  data  a t  e a c h  1 k i l o m e t e r  l e v e l  up t o  
20,000 f e e t ,  o n l y  9 ,928  remained .  O f  t h e s e  p r o f i l e s ,  a b o u t  8 , 0 0 0  
c o n s i s t e d  o f  a l m o s t  c o m p l e t e  d a t a  for 7:OO A . M .  and  7:OO P . M . ,  
a b o u t  h a l f  comple t e  data f o r  1:OO P.M. and  somewhat l e s s  t h a n  
ha l f  f o r  1:OO A . M . ;  t h e  r e s t  o f  t h e  p r o f i l e s  were t a k e n  a t  o t h e r  
t imes .  I n  g e n e r a l  t h o s e  d a y s  when t h e  7:OO A . M .  or 7 : O O  P.M. 
data was n o t  a v a i l a b l e  were when u n u s u a l l y  h i g h  winds o c c u r r e d  
( t h i s  has been  shown i n  R e f e r e n c e s  56 and 57 b y  f i l l i n g  i n  t h e  
m i s s i n g  d a t a  i n  t h e  above  s e t  o f  p r o f i l e s  b y  i n t e r p o l a t i o n ;  t h i s  
s e r i a l l y  comple t e  s e t  o f  p r o f i l e s  i s  t h e  da ta  used  by t h e  T e r r e s t r i a l  
Environment  Branch ,  MSFC). On t h e  o t h e r  hand ,  one s h o u l d  e l i m i n a t e  
t h o s e  p r o f i l e s  t h a t  v i o l a t e  t h e  LV s t r u c t u r a . 1  wind c o n s t r a i n t  
( s c a l a r  wind g r e a t e r  t h a n  t h e  9 5 t h  p e r c e n t i l e  peak  s u r f a c e  wind 
o r  t h e  ?S th  p e r c e n t i l e  q u a s i - s t e a d y  s t a t e  i n f l i g h t  winds d u r i n g  
t h e  s t r o n g e s t  wind mon th ) .  A s t u d y  has  shown [37] t h a t  most o f  
t h o s e  p r o f i l e s  t h a t  would be  e l i m i n a t e d  would c a u s e  w a t e r  l a n d i n g .  
T h e r e f o r e ,  MSFC's s e r i a l l y  comple te  da ta  would l e a d  t o  t h e  l o w e s t  
l a n d  l a n d i n g  p r o b a b i l i t i e s ,  M S C ' s  d a t a  would l e a d  t o  h i g h e r  l a n d  
l a n d i n g  p r o b a b i l i t i e s  and  d a t a  w i t h  p r o f i l e s  e l i m i n a t e d  t h a t  
v i o l a t e  t h e  LV wind c o n s t r a i n t  would lead t o  t h e  h i g h e s t  p r o b a b i l -  
i t i e s ,  a l t h o u g h  t h e r e  i s  no i n d i c a t i o n  w h e t h e r  t h e  d i f f e r e n c e  
would b e  s i g n i f i c a n t .  
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Example o f  t h e  C a l c u l a t i o n s  R e q u i r e d  t o  F i n d  t h e  Land 
Landing P r o b a b i l i t y  

A s  an  example o f  t h e  c a l c u l a t i o n s  u s e d  t o  e s t a b l i s h  
a p o i n t  i n  F i g u r e  1 4  c o n s i d e r  a S a t u r n  I B  pad  a b o r t  w i t h  a b o r t  
i n i t i a t e d  a t  t h e  t i p o v e r  a t t i t u d e s  and  a t t i t u d e  r a t e s .  F i r s t  
t h e  s t a n d a r d  d e v i a t i o n s  o f  t h e  d i s t r i b u t i o n  f u n c t i o n s  f o r  winds 
a p p l i e d  t o  p a r a c h u t e  d e s c e n t  shown i n  F i g u r e  A 2  n u s t  b e  es t imated  
b y  c o n s i d e r i n g  t h e  d e v i a t i o n s  a t  0 .13% ( - 3 a ) ,  2 . 2 8 %  (-2a), 
1 5 . 8 7 %  (-la), e t c .  The r e s u l t s  were g i v e n  i n  F i g u r e  11. A 
compar ison  o f  t h e  e m p i r i c a l  and  no rma l  d i s t r i b u t i o n  f u n c t i o n s  i s  
shown i n  F i g u r e  A3. When t h e  r i g h t  h a l f  o f  a d i s t r i b u t i o n  c u r v e  
was n o t  symmetr ic  w i t h  t h e  l e f t  h a l f ,  t h e  s t a n d a r d  d e v i a t i o n  was 
est imated from t h e  l e f t  h a l f  because  i n  most c a s e s  t h i s  i s  t h e  
p a r t  o f  t h e  c u r v e  t h a t  w i l l  b e  used  i n  f i n d i n g  l a n d  l a n d i n g  
p r o b a b i l i t i e s .  

The a l t i t u d e  o f  main c h u t e  deployment ,  i f  dep loyed  a t  
28 s e c o n d s  a f t e r  a b o r t ,  was g i v e n  F i g u r e  6 .  Because  t h e s e  c u r v e s  
i n c l u d e d  t h r u s t  mi sa l ignmen t  i t  was assumed t h a t  a b o r t i n g  a t  t h e  
downrmge  and  up range  a t t i t u d e  and  a t t i t u d e  r a t e  would g i v e  abou t  
t h e  same a l t i t u d e s  o f  main c h u t e  deployment  as shown i n  F i g u r e  6 
f o r  downrange and up range  t i p o v e r ,  r e s p e c t i v e l y ;  a l s o  t h a t  a b o r t -  
i n g  a t  t h e  r i g h t  or l e f t  t i p o v e r  a t t i t u d e  and  a t t i t u d e  r a t e  would 
g i v e  a b o u t  t ne  same a l t i t u d e s  as si-iowii for iio t i p o v e r .  For n ~ d  
a b o r t  w i t h  a b o r t  a t  t h e  uprange t i p o v e r  a t t i t u d e  and  a t t i t u d e  
r a t e  the.  a l t i t u d e  o f  main c h u t e  deployment  would b e  4 ,300 f e e t .  
F o r  a b o r t  a t  t h e  downrange,  r i g h t  o r  l e f t  t i p o v e r  a t t i t u d e  and 
a t t i t u d e  r a t e  t h e  main c h u t e s  would b e  d e p l o y e d  e a r l y  a t  3 ,300  
f e e t  ( a l t i m e t e r  s e t t i n g  f o r  minimum a l t i t u d e  o f  main c h u t e  deploy-  
m e n t ) .  From F i g u r e  11 these c o r r e s p o n d  t o  s t a n d a r d  d e v i a t i o n  o f  
1 , 3 0 0  f e e t  and 1 , 0 0 0  f e e t ,  r e s p e c t i v e l y ,  f o r  winds  a p p l i e d  t o  
p a r a c h u t e  d e s c e n t .  

r uu 

To a c c o u n t  f o r  winds a p p l i e d  t o  t h e  LEV t r a j e c t o r y  from 
a b o r t  t o  p a r a c h u t e  deployment ,  w e  must add t o  t h e s e  t h e  s t a n d a r d  
d e v i a t i o n  g i v e n  i n  Table  2 on page 1 0 :  t h i s  i s  1 7 0  f e e t  f o r  pad  
a b o r t .  T h e r e f o r e  t h e  s t a n d a r d  d e v i a t i o n  i n  t h e  CM l a n d i n g  p o i n t  
f o r  winds  a p p l i e d  t o  t h e  e n t i r e  LEV t r a j e c t o r y  f rom a b o r t  t o  
touchdown i s  1 , 4 7 0  f e e t  f o r  a b o r t  a t  t h e  up range  t i p o v e r  a t t i t u d e  
and  a t t i t u d e  r a t e  and  1170 f e e t  f o r  a b o r t  a t  t h e  downrange,  r i g h t  
or l e f t  t i p o v e r  a t t i t u d e  and  a t t i t u d e  r a t e .  
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C o n s i d e r i n g  data  w i t h  no winds  a p p l i e d ,  t h e  r e l a t i o n  
o f  t h e  l a n d i n g  p o i n t s  f o r  a b o r t  a t  t h e  t i p o v e r  a t t i t u d e s  and 
a t t i t u d e  r a t e s  t o  t h e  l a n d i n g  p o i n t  f o r  a b o r t  from a nomina l  LV 
must now be  c a l c u l a t e d .  The  r e s u l t  must b e  e x p r e s s e d  i n  terms 
o f  o n s h o r e - o f f s h o r e  d i s t a n c e .  N o t i n g  t h e  r e s u l t s  g i v e n  i n  t h e  
t a b l e  I n  F i g u r e  4 f o r  1 0  second a b o r t  a l s o  a p p l y  f o r  pad  a b o r t ,  
t h e  a n g l e  be tween t h e  uprange-downrange t i p o v e r  d i r e c t i o n  and 
n o r t h  i s  102'; s i n c e  t h e  p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  d e p t h  l i n e  
f o r  Pad  34 i s  T O 0  from n o r t h ,  t h e  a n g l e  be tween t h e  uprange-  
downrange t i p o v e r  d i r e c t i o n  and  t h e  p e r p e n d i c u l a r  t o  t h e  1 0  f o o t  
d e p t h  l i n e  i s  32'. P r o j e c t i n g  t h e  changes  from t h e  nominal  l and-  
i n g  p o i n t  a l s o  shown i n  t h e  t a b l e  i n  F i g u r e  4 on t h e  p e r p e n d i c u l a r  
t o  t h e  1 0  f o o t  d e p t h  l i n e  g i v e s  -1,230 f e e t  f o r  a b o r t  a t  t h e  
up range  t i p o v e r  a t t i t u d e  and  a t t i t u d e  r a t e ,  + B O 5  f e e t  f o r  t h e  
downrange t i p o v e r  a t t i t u d e  and a t t i t u d e  r a t e  and  t 6 3 5  f e e t  f o r  
t h e  r i g h t  or l e f t  t i p o v e r  a t t i t u d e  and  a t t i t u d e  rate. I f  winds 
a r e  a p p l i e d  t o  t h e s e  t r a j e c t o r i e s  t h e  mean l a n d i n g  p o i n t  i s  
d i f f e r e n t  from these  v a l u e s  a s  g i v e n  b y  F i g u r e  1 0 .  We now have  
-1,230 f e e t ,  +660 f e e t ,  + 4 g O  f ee t  and  -780 f e e t ,  r e s p e c t i v e l y .  
These v a l u e s  a re  used  f o r  t he  means o f  t h e  d i s t r i b u t i o n  f u n c t i o n s  
p l o t t e d  I n  t h e  lower  h a l f  o f  F i g u r e  A 4 .  T h e  s t a n d a r d  d e v i a t i o n s  
used  t o  p l o t  t hese  c u r v e s  were t h o s e  v a l u e s  found i n  t h e  p r e v i o u s  
paragraph.  Assuming a b o r t  i n  e a c h  d i r e c t i o n  t o  b e  e q u a l l y  l i k e l y ,  
t h e  sum o f  1 / 4  o f  e a c h  o f  t h e s e  d i s t r i b u t i o n  f u n c t i o n s  was f o u n d ,  
and  t h e  r e s u l t  shown i n  t h e  t o p  h a l f  o f  F i g u r e  A 4 .  

Assuming t h i s  r e s u l t  i s  no rma l ,  t h e  s t a n d a r d  d e v i a t i o n  
and t h e  d i s t a n c e  o f  t h e  mean from t h e  nomina l  l a n d i n g  p o i n t  a r e  
s e e n  from t h i s  f i g u r e  t o  b e  1,500 f e e t  ai-id -l80 f c z t ,  r e s p e c t i v e l y .  
T h e  s t a n d a r d  d e v i a t i o n  must  be f i n a l l y  root -sum-squared  w i t h  t h e  
s t a n d a r d  d e v i a t i o n  due t o  t h r u s t  m i s a l i g n m e n t  g i v e n  i n  t h e  t a b l e  
o f  F i g u r e  4 ( 2 6 7  f e e t ) ,  t o  g i v e  1 , 5 2 5  f e e t .  From T a b l e  1 on page  
4 ,  i t  i s  s e e n  t h a t  t h e  1 0  f o o t  d e p t h  l i n e  i s  -2650  f e e t  from t h e  
nominal  l a n d i n g  p o i n t ,  s o  i t  i s  -2470 f e e t  from t h e  mean l a n d i n g  
p o i n t .  I n  u n i t s  o f  t h e  s t a n d a r d  d e v i a t i o n  g i v e n  above t h i s  i s  
-1.74~ and from a t a b l e  of t h e  normal  d i s t r i b u t i o n  f u n c t i o n  t h i s  
y i e l d s  a f i n a l  r e s u l t  of 4 . 1 %  l a n d  l a n d i n g  p r o b a b i l i t y .  



TABLE A I  

,006 

SEQUENCE OF EVENTS AFTER A NEAR-PAD ABORT 
(REFERENCES I, 3, 4, 50 AND 51) 

40 SEC. < T a  
30 SEC. < T, 

CONDl T I  ON 
OR ALTITUDE (FEET) T,=TIME AFTERLAUNCHOF ABORT) 

T I M E  (SECONDS) FROM ABORT 

CUT OFF LAUNCH VEH I CLE ENG I NE I 

CM-SM SEPARATION 

F I R E  LAUNCH ESCAPE MOTOR2 

F I R E  PITCH CONTROL MOTOR' 

DUMP RCS OXIDIZER 

DUMP RCS FUEL 

~~ 

V v 
v r/ 

V t/ 

V v 
Y v 

t' t/ 

. 124 I 

14.030 

14.036 

14.430 

16.042 

'16.042 AND - 3300 FT.5 

28.036 

10500 FT.6 

I . 130 

ABORT APOGEE < 1 5 9 0 0  FT ' 
15900 FT. < ABORT APOGEE' 

. 136 I 

JETTISON APEX COVER 

DEPLOY DROGUE PARACHUTES ' 

RELEASE DROUGE CHUTES 

DEPLOY P I L O T  CHUTE3 * AND 

BURN RCS PROPELLANT 

PURGE RCS PROPELLANT 

T, < 6 1  SEC. (SATURN I B ~  
.024 I 

t v 

t, t/ 

1, 

'c/ t/ 

v v 
t/ 

t/ 

5.024 
T, < 42 SEC. (SATURN V )  

CHUTE DEPLOYMENT 
220 SEC. AFTER ~ 

"BURN RCS PROPELLANT" 

I 18.034 

61 SEC. < T, (SATURN I B )  
42 SEC. < T, (SATURN v )  

I I I . O M  

I 

AFTER MAIN I 

I N I T I A T I O N  

MANUAL BACKUP 

EVENT 

PURGE RCS HELIUM I I V 

DEPLOY CANARDS 

JETT ISON LAUNCH ESCAPE TOWER 
AND BOOST PROTECTIVE COVER 

JETTISON LM DOCKING RING 

I. THE LEV I S  NOT ABLE TO ACCELERATE AWAY FROM THE LV FOR LATER NEAR-PAD ABORTS, BUT FOR EARILER 
ABORTS THE LV MUST BE KEPT THRUSTING BECAUSE OF RANGE SAFETY. 

2. F I R E S  FOR ABOUT 8 SECONDS, THOUGH AT DECAYING THRUST AFTER ABOUT 3.5 SECONDS. 
3. F I R E S  FOR ABOUT 1.2 SECONDS. 
4. L I N E  STRETCH I S  APPROXIMATELY 0.8 SECONDS LATER, DISREEF IO SECOND AFTER THAT AND FULL  OPEN 

5. I N I T A T E D  WHEN THE ALTIMETER READING I S  LESS THAN A ALIDADE MARKER. 
0.2 SECONDS LATER. 

THE ACTUAL POSIT ION OF THE 
ALIDADE MARKER w i u  BE SET ON THE DAY OF LAUNCH (REFERENCE 50) DEPENDING ON BAROMETRIC 
PRESSURE, BUT ACCORDING TO REFERENCE I I T  WILL BE AT ABOUT 3,300 FEET. 

6. I N I T I A T E D  BY A BAROSWITCH. 
7. MODE CHANGED BY A BAROSWITCH. FOR A NOMINAL ABORT THE MODE CHANGE OCCURS WHEN T a r  38 SECONDS. 
8. MAIN CHUTE L I M E  STRETCH I S  APPROXIMATELY 2.0 SECONDS LATER, DISREEFS 6.0 AND 10.0 SECONDS 

9. T H I S  BURN HAS CAUSED SOME CONCERN BECAUSE OF POSSIBLE DAMAGE TO THE M A I N  CHUTES. 
AFTER THAT AND FULL OPEN 3.0 SECONDS AFTER SECOND DISREEF. 
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28 SECOND M A I N  CHUTE DEPLOYMENT 

~~ 

2,800 FOOT M A I N  CHUTE DEPLOYMENT 

ANNUAL WINDS 
THRUST M I  SAL I GNMENT :o UPRANGE 
13,000 LB. CM ( A T  M A I N  CHUTE 

DEPLOYMENT INCLUDING RCS 
PROPELLANT) 

SATURN V LV 
ABORT I N I T I A T E D  AT OLD UPRANGE 

TIPOVER ATTITUDE AND ATTITUDE 
RATE 

I I I I I I I I 

-6 000 -4,000 -2,000 0 2 1 000 4,000 6 000 
ONSHORE-OFFSHORE DISTANCE FROM MEAN LANDING POINT WITH WINDS APPLIED (FEET) 
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